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THE  PRACTICAL  APPLICATION  OF  SCIENTIFIC  MAN- 
AGEMENT TO  RAILWAY  OPERATION. 


WILSON  E.  SYMONS, 

Chicago,  111. 

So  much  has  been  written  and  said  on  the  subject  of  "  Scien- 
tific Management  of  Railways  "  and  the  remarkable  economies 
that  either  have  been  or  can  be  accomplished  in  railway  operations 
by  "  efficiency  engineers,"  that  the  reading  public  no  doubt  feels 
that  our  railways  are,  with  one  or  two  rare  exceptions,  very 
inefficiently  managed.  The  testimony  taken  at  the  hearing  before 
the  Interstate  Commerce  Commission  in  the  recent  rate  case  to- 
gether w'ith  the  numerous  newspaper  and  magazine  articles  by  the 
very  able  advocates  of  this  plan  all  tend  to  show  that,  by  the 
adoption  of  "  scientific  management  "  in  the  operation  of  our 
railways,  a  saving  of  one  inillion  dollars  per  day  could  easily 
be  effected,  and,  as  this  information,  so  widely  circulated,  has  no 
doubt  carried  partial  or  complete  conviction  to  many  who  have 
not  paused  to  consider  the  question  of  the  practicability  of  this 
plan  to  all  branches  of  railway  operation,  it  will  be  the  purpose 
of  the  writer  to  treat  the  question  from  the  broad  standpoint  of  a 
highly  efficient  transportation  unit,  to  which  all  branches  or 
integral  parts  must  be  subordinated. 

It  also  seems  quite  proper  in  this  connection  to  analyze  some 
of  the  misleading  figures  and  statements  presented  through  the 
columns  of  one  of  our  leading  magazines  in  support  of  the  general 
adoption  of  this  plan,  and  to  offer  a  very  fitting,  though  tardy, 

[Note. — The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributors  to  the  Journal.] 
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recognition  of  efficiency  engineering  results  already  accomplished 
in  the  railway  and  industrial  world. 

The  physical  operation  of  a  railway  is  in  reality  the  manage- 
ment of  a  great  manufacturing  plant,  the  product  being  trans- 
portation ;  •  therefore  the  complete  working  unit  or  plant  which 
accomplishes  in  the  best  or  most  economical  and  satisfactory  man- 
ner the  purposes  or  objects  for  which  it  was  created  and  is  oper- 
ated is  the  most  efficient  one,  although  the  complete  unit  may,  if 
measured  by  the  standards  followed  in  some  specific  subordinate 
branch  of  the  work,  appear  inefficient  or  wasteful,  when  in  reality 
such  may  not  be  the  case. 

Years  of  valuable  training  as  the  head  of,  and  responsible  for, 
one  of  the  most  important  departments  in  a  complete  operating- 
unit  give  a  clear  angle  of  vision,  which,  to  the  eye  of  the  shop 
specialist,  is  slightly  in  eclipse.  And  it  is  due  to  this  fact  that 
many  features  of  "  scientific  management,"  while  admittedly 
correct  from  a  theoretic  standpoint,  are  not  practical.  Such 
portion  or  percentage  of  the  working  forces  and  expense  as 
can  be  handled  under  this  plan  is  so  very  small,  in  comparison  to 
the  complete  unit,  that  the  term  "  scientific  management  of  rail- 
ways "  is  a  misnomer. 

To  be  more  specific,  the  physical  management  or  operation 
of  a  railway  consists  largely  in  the  direction  or  handling  of  large 
bodies  of  men  of  various  classes,  characteristics,  and  conditions, 
together  with  numerous  phases  of  industrial  life  and  human 
endeavor,  while  the  purely  scientific  problems  consist  largely  in 
the  application  of  fixed  rules  or  formulas  in  the  office,  laboratory, 
or  drawing-room,  and  it  should  be  clear  to  all  M'ho  have  been 
charged  with,  or  have  participated  in,  the  solution  of  transpor- 
tation problems,  that  those  best  equipped  for  scientific  work  are 
not,  as  a  rule,  well  suited  to  grasp  the  multiplicity  of  complex 
features  embraced  in  railway  management. 

Having  thus  differentiated  as  to  the  character  of  work  in- 
volved in  the  complete  transportation  unit,  and  consequently  the 
essential  qualifications  of  those  best  fitted  to  direct  the  various 
branches  of  the  M^ork,  it  is  quite  proper  to  present  in  compre- 
hensive statistical  form  the  magnitude  of  our  railways  considered 
as  one. 

STATISTICS. 

Attention  is  invited  to  the  following  tabulated  displays  of 
mileage,  equipment,   and  capitalization,   officers   and  employees 
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classified,  volume  of  business  handled,  income  and  expenses  sub- 
divided, and  the  estimated  number  of  men  and  amount  of  saving 
that  might  reasonably  be  expected  from  the  introduction,  in  a 
modified  form,  of  the  "  scientific  management  "  plan. 

MILE.\GE     EQUIPMENT    AND     CAPITALIZATION. 

Mileage,  main  line  ( 1909) 235,000 

Mileage,  extra  tracks,  yards,  and  sidings 107,000 

Total     342,000 

Locomotives    58,000 

Passenger  cars 45,584 

Freight  cars  2,250,000 

Number  security  holders  1,000,000 

Representing  (5  to  i ) 5,000,000  people 

Or  about  5^  per  cent,  of 90,000,000  people 

Total  capitalization $13,700,000,000 

Capitalization  per  mile,  about $60,000 

TABLE   A. 

Number  of  Officers  and  Employees  by  Classes  and  Their 
Compensation 


1909 

1907 

Class 

Number  ot 

Employees  and 

%  of  Each 

Total  Yearly 
Compensation 

Avge. 
Daily 
Com- 
pensa- 
tion 

Total  Yearly  Compen- 
sation (1907)  and 
Average  Daily  Rate 

Number  of 
Each  Class 

% 

Amount  to 
Each  Class 

% 

Amount  to 
Each  Class 

Daily 
Rate 

General  Officers... 
Other  Officers...  . 
Gen'l  Office  Clerks 
Station  Agents. .  . 
Other  Sta.  Men. . 

Enginemen 

Firemen 

5.492 
8,022 

69.595 
36.519 

136,733 
57.077 
60,349 
43.608 

114.760 

48.237 

60867 

195. 1 10 

41.859 
320,762 

44,698 
39.115 

8.758 

210,898 

$16,574,587 
17.241,799 
52,516.034 
25.881.387 
79.089.030 
78.988,116 
48.294.077 
51,873.772 
89,710.526 
41.731.839 
43.420.646 

119,909,837 
27,405,664 

110,769,229 

25.521.433 
29,689,851 

6,597.867 

122,901,000 

12.67 
6.40 
2.31 
2.08 
1.82 

4-44 
2.67 

3-81 
2.59 
2.98 

2.43 
2.13 
1.96 
1.38 

1-73 
2.30 

2.31 
1.98 

$17,231,606 
15.012,226 
48,340,123 
24,831,066 
84,244,486 
87.496,778 
52,474.059 
55.847,244 
99.978,356 
46.475.695 
49.082,659 

132.421.765 
26.326.635 

135.793.476 

32.184.636 
29.058,251 

6,035,415 
I29.55I.951 

11-93 
5-99 
2.30 
2.05 
1.78 
430 
2.54 
3  69 

2.54 
2.87 
2.40 
2.06 
1.90 
1.46 

1.87 
2.26 

2.27 

1.92 

Conductors 

Other  Trainmen.. 

Machinists 

Carpenters 

Other  Sliopmen .  . 

Section  Foremen . 

Other  Trackmen.. 

Sw.  Ten.  Crossing 
Watchmen .... 

Tel.  Op's  &Dispt. 

Employees  Float. 
Equipment 

All  other  Employ- 
ees &  Laborers . 

Total 

1,502,823 

100 

$988,323,694 

100 

$1,072,386,427 

Number  of  employees  in  1907,  1,672,074,  or  169,249  more  men  on  227,671.  or  7,3291655 
miles  than  in  1909 
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Having  shown  in  the  foregoing  tabulated  form  the  number 
of  officers  and  employees,  their  total  yearly  and  average  daily 

TABLE  B. 
Operating    Revenues 


Items 


Tons  freight  carried  one  mile. 
Passengers  carried  one  mile.. . 


Freight  Revenue 

Passenger  Revenue 

Mail  Revenue 

Express  Revenue 

Express  Baggage  and  Milk 

Parlor  and  Chair  Car 

Switching  Revenue 

Special  Train  and  Miscellaneous  Transp , 

Total  Outside  of  Transportation 

Joint  Facilities — Dr 

Joint  FaciUties — Cr 


Total. 


Amount 


I  Proportion  to 
total  operating 
i       revenues 


29,109,322,589 
218,802,986,929 

$1,677,614,678 

563.609,342 

49,380,783 

59,647,022 

13,694,171 

3,989,612 

21,599.256 

7.833.852 

19.756,577 

500,301 

2,052,546 


$2,418,677,538 


Per  cent. 

69.32 

23.32 

2.04 

2.47 

•57 
•17 
.89 
•33 
.82 
.02 
.09 


100 


This   was  Expended  as   Follows: 

Maintenance  Way  and  Structures 

Maintenance  Equipment 

Traffic  Expenses 

Transportation  Expenses 

General  Expenses 

Unclassified 


308,450,105 
363,912,886 

49,287,148 
814,088,149 

63,677.378 
27.744 


Total. 


$1,599,443,410 


19.29 
22.75 

3-o8 
50.90 

3^98 


Net  Income  from  Operations $819,234,128 

Income  from  Investments $73,586,827 

Salaries  and  Maintenance  Leased  Lines 406,309 

73,993.136 

Net  Revenue  and  Income 892,414,646 

Interest  and  Taxes 478,802,168 

Available  for  Dividends,  Improvements,  etc 613,612,478 

Net  Dividends 236,620,890 

Available  for  Adjustments  and  Improvements *i  76,99 1,588 

*  It  has  been  estimated  that  the  economies  practised  in  1908  and  1909  resulted  in  arrears  in 
maintenance  of  over  $joo,ooo,ooo,or  about  $15,000,000  more  than  the  surplus  available,  which 
sum  contains  items  from  sources  other  than  operation. 


compensation,  it  will  now  be  in  order  to  cast  up,  in  comprehen- 
sive form,  a  display  of  the  results  of  their  labors,  or  a  statement 
of  operations. 
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In  the  following  tabulated  display  showing  division  of  oper- 
ating expenses  the  amounts  charged  to  each  are  shown,  together 
with  the  ratio  or  percentage  such  item  bears  to  the  whole. 


TABLE   C. 
Division  of  Operating  Expenses 


Items 


Amount 


I  Proportion  to 
'Total  Operating 
]       Expenses 


Maintenance  of  Way  and  Structures j  $308,450,105 

Maintenance  of  Equipment I  363,912,886 

Traffic  Expenses i  49,287,148 

Transportation  Expenses.  -. I  814,088,149 

General  Expenses |  63,677,378 

Unclassified i  27,774 

Total i$i, 599,443,410 


19.29 
22.75 

3.08 
50.90 

398 


100% 


First  item  excludes  returns  for  switching  and  terminal  companies  and  a  few  roads  whose 
reports  were  incomplete,  the  amount  not  included  being  about  $247,700. 


General  Balance  Sheet,  June  30TH,  1909. — 221,  679.45  Miles. 


Items 


Assets 


Cost  of  Road 

Cost  of  Eqtiipment.  . 
Gen'l  Expenditures. . 

Stocks  Owned 

Funded  Debt  Owned. 
Cash&CurrentAssets. 
Material  &  Supplies.. 
Sinking,  Insurance 

and  other  Funds.. . 
Miscellaneous 


512,222,830,405 
1,228,620,996 

157,732,114 
2,246,702,598 
1,229,683,954 
1,349,131,087 

206,849,619 

169,877,287 
1,254,022,113 


Total $20,065,450,173 


Items 


Liabilities 


Capital  Stock 

Funded  Debt 

Current  Liabilities..  . 

Miscellaneous 

Profit  and  Loss 


Total. 


7.576,335.321 

9,739,127,869 

1,065,184,870 

884,159,190 

800,642,923 


$20,065,450,173 


From  the  foregoing  Balance  Sheet  it  may  be  noted  that  the  valuation 

placed  on  the  physical  property  (221,  679  miles)  is $13,658,301,100 

By  including  the  additional   13,321  miles  at  $60,000   per 
mile  we  have  the  following:  13,321  x  $60,000  =  799,260,000 


Or,  a  grand  total  (in  1909)  of  over $14,457,561,000 
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analysis  and  salient  points  in  the  foregoing 
statistical  data. 

From  the  foregoing  tabulated  statistical  data  the  following 
potent  factors  stand  boldly  out : 

That  there  are 235,000  miles  of  railway 

That  the  vahiation  is  about   $14,457,561,100 

That  there  are  58,000  locomotives 

That  there  are 45,584  passenger  cars 

And  about 2,250,000  freight  cars 

That  there  were  carried  one  mile 29,109,322,589  tons  of  freight 

That  there  were  carried  one  mile  218,802,986,929  passengers 

That  the  revenue  from  operation  was $2,418,677,538 

That  the  expense  of  operation  was  $1,599,443,410 

That  the  number  of  officers  and  employees  was  1,502,823 

That  their  combined  salaries  was   $988,323,694 

SAVE  $1,000,000  PER  DAY. 

And  it  is  proposed  by  the  application  of  "  scientific  manage- 
ment "  to  save  one  million  dollars  per  day,  or  approximately 
$365,000,000  per  year. 

Although  it  is  claimed  this  new  plan  or  system  is  applicable 
to  most  all  items  of  expense  (material  and  labor  used)  on  a  rail- 
road, the  estimated  probable  economies  will,  in  this  treatment  of 
the  question,  be  confined  to  such  branches  of  the  work,  or  classes 
of  employment,  as  in  my  judgment  are  susceptible  of  being  placed 
on  a  comparative  basis  Avith  large  manufacturers  of  standard 
articles. 

TOTAL  YEARLY  COMPENSATION OFFICERS   AND  EMPLOYEES. 

The  total  yearly  compensation  of  all  officers  and  employees 
(1,502,823  persons)  in  1909  was  $988,323,694,  and  by  a  process 
of  elimination,  the  number  of  employees  and  amounts  earned,  to 
which  the  plan  contemplated  may  be  partially  applied,  can  be 
arrived  at  by  treating  each  class  separately. 

PROCESS  OF  ELIMINATION. 

First:  Referring  to  Table  A,  we  will  take  the  first  two  items. 
General  Officers  and  Other  Officers 

Total,  13,514 compensation,  $33,816,386, 

that  would  not  be  subject  to  this  plan. 
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Second:  General  Office  Clerks,  of  whom  there  are 

69,959  persons compensation,  $52,516,034, 

that  would  not  come  under  this  system. 

Third:-  Station  Agents,  of  whom  there  are 

36.519  persons compensation,  $25,881,387. 

These  would  not  apply. 

Fourth:  Engineers,  Firemen,  Conductors,  and  Other  Train- 
men, of  whom  there  is  a  total  of 

275,794  persons compensation,  $268,866,491, 

to  whom  this  plan  will  not  apply,  as  they  are  all  working  under 
contracts  that  will  undoubtedly  be  kept  in  good  faith  by  the  com- 
panies. The  amount  of  their  earnings  fluctuates  with  the  volume 
of  business. 

Fifth:  Section  Foremen,  of  whom  there  are 
41,859  persons compensation,  $27,405,664, 

to  whom  this  would  not  apply.  There  are  only  468  more  fore- 
men now  than  in  1907,  to  handle  13.3.21  additional  miles  of 
road,  and  their  average  daily  rate  of  pay  has  increased  from 
$1.90  to  Si. 96,  or  6  cents  per  day,  while  their  duties  have 
materially  increased. 

Sixth:  Other  Trackmen,  of  whom  there  are 

320,760  persons compensation,  $110,769,229, 

to  whom  this  plan  would  not  apply,  as  the  grade  of  men  and 
character  of  their  work  will  not  lend  itself  to  any  such  scheme. 
There  are,  it  may  be  noted,  46.517  less  in  number  than  in  1907, 
and  their  average  daily  earnings  have  dropped  from  $1.46  to 
$1.38,  or  a  reduction  of  8  cents  per  day. 

Seventh:  SzcitcJi  Tenders  and  Crossing  JJ'atclunoi.  of  whom 
there  are 

44,698  persons compensation,  $25,521,433. 

to  whom  this  plan  would  not  apply,  as  there  are  8716  less  in 
number  than  in  1907,  and  their  average  daily  rate  has  dropped 
Vol.  CLXXIII,  No.  1033—2 
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from  $1.87  to  $1.73,  or  14  cents  per  day.  Again,  these  men 
are  largely  of  a  disabled  class  who  have  sei"ved  their  companies 
during  the  prime  of  life  in  more  responsible  positions. 

Eighth:  Employees  Floating  Equipment,  of  whom  there  are 
8,758  persons compensation,  $6,597,867, 

who  would  not  be  affected  by  this  plan,  as  most  of  them  come 
under  our  Federal  Steamboat  Inspection  Law  requirements,  and 
their  daily  average  wage  rate  of  $2.31  will  not  admit  of  reduction. 

Ninth:  Telegraph  Operators  and  Dispatchers,  of  whom  there 
are 

39,115  persons compensation,  $29,896,851 

Less  estimated  reduction  of  15  per  cent 4,484,527 


$25,412,324 


By  the  use  of  telephone  for  train  movement  and  a  more 
liberal  supply  of  common  sense  in  the  transaction  of  the  com- 
panies' business  by  letter  (and  a  less  number  of  letters)  in  place 
of  telegrams  this  can  be  reduced  15  per  cent.,  or  to  $25,412,324. 
This,  however,  is  not  a  subject  for  any  scientific  study  whatever, 
but  calls  for  the  attention  of  a  good,  practical  railroad  man. 

Tenth:  Carpenters,  of  whom  there  are 
(1907)    70,394 

(1909)     60,867  persons compensation,  $43,420,646 

9,527  less  than  in  1907. 

The  plan  in  question  would  apply  to  very  few  of  these,  if  any, 
as  they  are  now  among  the  poorest  paid  employees  on  a  railroad, 
due  to  the  fact  they  are  not  organized.  There  are  9527  less  in 
number  than  two  years  ago,  and  their  average  daily  rate  has  only 
increased  3  cents  per  day,  or  from  $2.40  to  $2.43. 

Eleventh:  All  Other  Employees  and  Laborers,  of  whom 
there  are 

(1907)    228,324 

(1909)     210,898  persons compensation,  $122,901,000 


17,426  less  than  in  1907. 
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The  plan  in  question  would  not  apply  to  this  mixed  class,  as  it 
includes  the  raw  recruit,  the  man  of  migratory  habits,  and  the 
"  hobo,"  most  of  whom  are  of  a  low  order  of  mentality,  and 
some  dissipated.  Increased  supervision  by  practical  men  is  the 
only  means  of  increasing  their  efficiency,  or  quantity  of  work  per- 
formed. There  are  17,426  less  in  number  than  in  1907,  and 
their  daily  rate  has  only  increased  6  cents,  or  from  $1.92  to 
$1.98  per  day. 

Twelfth:  Other  Stationuien,  of  whom  there  are 
(1907)    152,929 

(1909)      136,733  persons compensation,   $79,089,030 

16,196  less  than  in  1907. 

The  plan  would  not  appl}^  to  this  class,  although  such  increased 
and  improved  facilities  as  the  managers  have  been  providing, 
as  finances  will  permit,  from  time  to  time,  and  will  doubtless 
continue  in  future,  will  make  it  possible  to  take  care  of  some 
considerable  increase  in  the  scope  and  volume  of  station  work 
without  materially  increasing  the  number  of  employees.  There 
are  now  16,196  less  in  number  than  in  1907,  while  their  rate 
per  day  has  increased  4  cents,  or  from  $1.78  to  $1.82  per  day. 

By  the  foregoing  process  of  elimination  the  various  classes 
of  officers  and  employees  have  all  been  considered  except  two, 
w^hich  will  come  next  in  turn. 

The  classes  disposed  of,  and  the  amount  of  their  total  yearly 
compensation,  are  as  follows : 

Number  classes  disposed  of 16 

Employees  embraced 1,359,476 

Classes  yet  to  be  considered 2 

Number  of  employees  embraced  243,347 

With  a  total  yearly  compensation  of $161,641,676 

TWO  CLASSES. 

The  two  classes  yet  to  be  considered  are : 

Machinists    48,237    Compensation $41,731,839 

Other  shopmen 195,110    Compensation  ....     119,909,837 


Total   243,347       Total $161,641,676 

Per  cent,  of  all 16 
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By  the  foregoing  process  approximately  84  per  cent,  of  the 
total  employees  and  expenditure  for  labor  has  been  disposed  of 
without  locating  any  economies  that  would  yield  only  to  the 
"  scientific  management  "  plan. 

The  one  item  of  $4,484,527  on  page  12,  "  Telegraph  Oper- 
ators and  Dispatchers,"  is  one  that  an  experienced,  practical 
railway  officer  would  see  and  take  advantage  of,  while  the  plan 
considered  is  not  applicable  to  this  class  of  employees. 

Returning  to  the  two  classes  of  employees  comprising  the 
remaining  16  per  cent.,  or  243,347  employees,  it  may  be  stated, 
first,  that  these  include,  among  others,  the  following: 

Machinists  Coachbuilders 

Boilermakers  Upholsterers 

Blacksmiths  Cabinetmakers 

Coppersmiths  Freight  car  builders 

Sheet  metal  workers  Freight  car  repairers 

Tinners  Passenger  car  repairers 

Painters  Apprentices,  handy  men,  helpers,  etc. 

A  large  majority,  say  75  to  80  per  cent.,  of  these  men  are 
thoroughly  organized  and  quite  aggressive.  They  are  also,  in 
most  cases,  working  under  contracts  that  are  jealously  guarded. 

While,  no  doubt,  there  is  room  for  improvement  in  the  shops 
of  all  railway  companies,  the  condition  is  one  calling  for,  and 
that  will  yield  to,  such  remedial  measures  as  the  progressive 
mechanical  officers  of  our  railways  are  applying  as  fast  as  the 
managements  permit  them  to  incur  the  expenditures  necessary. 

Additional  shops,  machinery,  tools,  tracks,  material,  increased 
supervision  and  office  help  are  needed  on  most  all  roads. 

There  is  nothing  scientific  about  this;  it  is  simply  a  plain, 
common  sense  business  proposition. 

The  maintenance  of  equipment,  or  its  current  upkeep,  is  not 
all  work  of  such  a  character  that  it  is  susceptible  of  predetermi- 
nation as  to  method  of  operation,  or  cost,  and  cannot,  therefore, 
be  reduced  to  writing,  blue-print  or  graph,  but  must  be  handled 
by  the  experienced,  practical  man,  who,  usually,  like  the  skilled 
surgeon,  decides  on  the  exact  method  or  details  of  procedure 
while  gathering  instruments,  tools,  and  material  to  perform  an 
operation. 

The  proposition  to  apply  "  scientific  management  "  to  all 
running   repairs   of   railway   equipment,   especially   locomotives, 
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is  not  only  impractical,  but  strong-ly  emphasizes  its  advocates 
as  lacking  in  the  elementary  knowledge  of  locomotive  operation 
and  maintenance  essential  in  advising  or  directing  others. 

As  the  current  running  repairs  to  railway  equipment  are  of  a 
character  calling  for  treatment  by  competent,  experienced 
mechanics,  the  possible  economies  from  the  adoption  of  "  scien- 
tific management  "  must  necessarily  be  confined  to  the  main 
shops  of  such  companies  as  are  large  enough  to  maintain,  and 
have  in  operation,  one  or  more  general  shops  entirely  independent 
of,  and  separate  from,  their  running  repair  shops.  In  these 
large  shops  locomotives  and  cars  in  considerable  number  are 
built  new,  or  rebuilt,  on  such  scale  that  much  of  the  work 
is  of  the  character  of  that  in  a  manufacturing  plant  where  work- 
men are  principally  machine  operators  or  tenders,  and  are 
not  required,  or  permitted,  to  exercise  any  mechanical  skill  or 
initiative  in  preparing  for  or  executing  the  work. 

The  number  of  men,  even  in  a  large  central  railway  shop,  who 
continually  perform  the  same,  or  similar,  operation,  and  in  the 
same  manner,  are  comparatively  few. 


IMPRACTICABILITY    OF         SCIENTIFIC    MANAGEMENT         IN    HAND- 
LING THE  RUNNING  REPAIRS  THAT  ACCRUE   FROM   SERVICE. 

To  those  familiar  with  operating  requirements  of  railways 
an  apology  is  due  for  using  time  or  space  in  the  presentation 
of  matter  embodying  details  which,  to  them,  are  well-known 
facts,  and  your  indulgence  is  asked  with  the  hope  that  the  matter 
presented  may  be  of  interest,  or  value,  to  many  who  are  interested 
in  the  subject,  but  may  not  have  had  the  necessary  practical 
experience  in  actually  doing  the  things  talked  of  to  enable  them 
to  fairly  judge  as  to  the  merit,  or  demerit,  of  disputed  points. 


CHARACTER  OF   LOCOMOTIVE  REPAIRS. 

That  there  may  be  no  doubt  as  to  the  extremely  difficult  and 
varying  character  of  repairs  that  accrue  from  service,  and  enter 
largely  into  the  cost  of  locomotive  maintenance,  each  of  which 
requires  some  special  treatment,  the  following  views  (Plates  D) 
are  offered  to  amplify  what  has  been  said  on  the  subject. 
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Plate  Di, 


Showing  fractured  part  of  locomotive  cylinder. 

Plate  D2. 


Showing  fracture  in  locomotive  frame. 
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The  character  of  repairs  made  necessary  by  the  foregoing 
conditions  renders  it  absoKitely  essential  to  successful  operation 
that  both  the  foreman  in  direct  charge  of  each  operation,  and  the 
mechanic  who  is  actually  performing  the  work,  shall  not  only 
be  permitted  but  required  to  bring  into  use  their  mechanical  skill 

Plate  D3. 


Showing  locomotive  frame  after  repairs. 

and  judgment,  which,  under  the  proposed  plan  of  "  scientific 
management,"  they  would  be  prevented  from  doing. 

In  addition  to  the  foregoing  examples,  there  are  numerous 
other  operations  in  the  repairing  of  locomotives,  the  same  each 
day  by  description,  but  entirely  dilTerent  in  the  matter  of  time, 
physical  effort,  material,  and  mechanical  skill  employed  in  their 
completion.  It  may  be  stated,  as  a  fact,  that  these  operations 
are  seldom  ever  exactly  alike,  except  in  name  or  description. 

Among  the  more  common  operations  that  go  to  make  up  loco- 
motive repairs  are  the  following: 
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Repairs  to,  or  renewals  of,  revolving  and  reciprocating  parts, 
such  as  rods,  guides,  pistons,  piston  rods,  cross-heads,  valves, 
valve  gear,  truck  and  tank  wheels  and  drivers;  driving  boxes, 
shoes  and  wedges,  frames,  cylinders,  steam  chests,  and  covers: 
air  pump  and  brake  apparatus,  truck  frames,  headlights,  boiler 
and  front  end  complete,  cab  and  cab  fittings,  tender  complete,  etc. 

There  is  also  a  great  variety  in  the  character  of  repairs  to  both 
passenger  and  freight  cars. 

Plate  D4. 


Showing  locomotive  frame  welded  in  three  places. 

To  establish  an  arbitrary  time  limit,  in  advance,  for  the  com- 
pletion of  all  these  operations,  particularly  locomotive  work, 
based  on  time  studies  of  each  "  body  movement  "  from  com- 
mencement until  completion  of  certain  trial  test  operations, 
practically  eliminates  the  operator's  or  mechanic's  personality, 
transforming  him  from  a  skilled  mechanic  into  that  of  factotiiui 
or  machine,  and  the  foreman  in  charge  only  one  grade  higher, 
but  in  the  same  class. 

Such  a  system  would  have  a  tendency  to  discourage  both  men 
and  officers  from  that  personal  initiative  essential  to  a  strong, 
cificicut  and  rcoiioiiiical  organization. 
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Some  form  of  measured  output,  based  on  compensation,  such 
as  task  or  piecework  plan,  fair  and  just  alike,  first,  to  the  men, 
and  second,  to  the  coiitfcuiy,  to  be  used  at  such  points  as  operating 

Plate  D5. 


Showing  broken  fire-box  and  ring  ready  tor  welding. 

conditions  will  permit,  and  with  sufficient  amount  of  competent 
supervision  over  the  working  forces  at  all  points  to  insure  good, 
efficient  service,  is  a  far  superior  plan,  and  would  yield  handsome 
returns  where  the  so-called  "  scientitic  management  "  plan  would 
not  only  fail  to  give  the  results  claimed,  but  prove  an  expensive 
experiment. 
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SUMMARY  OF  ECONOMIES. 

The  two  classes,  shown  on  page  13,  yet  to  be  disposed  of,  are 
as  follows : 

Number  men  Amount  compensation 

Machinists  48,237  $41,731,839 

Other  shopmen   195,110  119,909,837 

Total     243,347  $161,641,676 

We,  therefore,  have  yet  to  consider  the  above  item,  which  is  16 
per  cent,  of  the  operating  expense. 

On  large  roads  maintaining  extensive  shops  where  the  con- 
struction of  new,  and  rebuilding  of  present,  equipment  is  carried 
on  to  a  considerable  extent,  the  number  of  men  who  are  regularly 
engaged  on  a  fixed  class  of  work  that  would  lend  itself  to  the 
proposed  "  scientific  management  "  plan  has  been  estimated  at 
10  to  12  per  cent,  of  the  mechanical  department  forces,  while  as 
a  matter  of  fact  the  actual  number  is  much  less,  but  in  order  to  be 
more  than  liberal,  the  figure  will  be  placed  at  15  per  cent.,  and 
this  applies  to  both  the  machinists  and  other  shopmen,  although 
the  duties  of  other  shopmen  are  of  such  a  diversified  character 
that  there  is  probably  less  than  5  per  cent,  to  whom  this  plan 
could  be  applied. 

Summing  up  on  the  foregoing  basis  of  15  per  cent,  on  three 
items,  however,  we  have  the  following  figures : 


Class 

Number 
employees 

Number  to  be 
laid  off  or 
discharged 

Amount  to  be 
saved  in 
dollars 

Average  saving 
per  day 

Operators 

39,115 

48,237 

195,347 

5,867 

7,235 
29,302 

$4,412,324 

6,259,675 

17.986,475 

Machinists 

Other  Shopmen 

Total 

282,699 

32,404 

$28,658,474 

$78,242.00 

Instead  of  $1,000,000  per  day  we  have  $78,242,  and  this  is 
predicated,  or  conditioned,  on  the  assumption  that  such  additional 
tools,  shops,  supervision,  etc.,  be  provided  as  to  enable  the  officers 
in  charge  to  secure  a  greater  output  on  the  same  expenditure,  or 
the  same  output  at  a  less  expense,  and  that  the  organization  of 
the  department  be  on  lines  calculated  to  strengthen  the  hands 
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of  the  line  officers  in  charge,  who,  in  the  last  analysis,  are  always 
held  responsible  for  results. 

conservatism  or  lack  of  moral  courage. 

It  is  a  traditional  characteristic  of  the  human  race  that  they 
will  submit  to  continued  hardship,  loss,  and  suffering,  rather  than 
undergo  a  change  from  time-worn  precedents,  and  even  though 
seeking  relief  are  slow  to  adopt  remedial  measures  when  pre- 
sented ;  in  fact,  as  individuals  and  corporations,  many  of  us  move 
so  ultra-conservative  that  it  is  a  wonder  that  we  do  not  fall  over 
backzvard. 

Any  material  change  in  the  methods  of  operation  on  railways 
usually  results  either  in  improvement  or  injury  to  the  organiza- 
tion, and  consequently  aft'ects  its  efficiency  or  eaniiiig  power . 
It  is,  therefore,  the  part  of  wisdom  to  move  with  at  least  ordi- 
nary business  caution  in  approaching  a  proposition  of  such 
moment  in  the  company's  affairs,  for  even  a  bold,  aggressive 
management  seldom  accepts  a  theory  which  has  not  become  a 
demonstrated  fact. 

Recently  there  has  been  much  written  with  respect  to  "  scien- 
tific management  "  as  applied  to  railway  operation,  and  as  proof 
of  its  merits  the  Santa  Fe  Railway  is  cited  as  an  example,  and 
the  very  extraordinary  economies  claimed  are  mentioned  in 
detail,  and  approximate  standards  of  cost  for  the  maintenance 
of  locomotives  and  freight  cars  are  given.  I  wish  at  this  time 
to  state,  however,  that  in  the  presentation  of  statistical  data 
from  the  annual  reports  of  the  Santa  Fe  Railway  Company  or 
in  any  comments  or  criticisms  of  the  results  on  this  line  in  com- 
parison with  other  lines,  the  sole  purpose  is  to  show  to  what 
extent  Scientific  IManagement  has  actually  operated  to  the  com- 
pany's benefit  in  the  item  of  equipment  maintenance.  The  con- 
clusions in  no  case  are  intended  for,  and  should  not  be  con- 
strued as  any  reflection  on  the  ability  of  the  officers  in  charge  of 
.this  splendid  property. 

analysis  of  results  on  the  a.,  t.  &  S.  FE, 

In  order  to  present  a  clear  understanding  of  all  items  of 
expense  shown  in  the  following  statistics,  it  is  proper  to  review 
conditions  on  the  Sante  Fe  prior  to  the  introduction  of  "  scientific 
management  "  in  their  shops,  and  up  to  the  present  time. 
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During  the  year  1901-02  there  was  constant  evidence  of  dis- 
content on  the  part  of  the  shopmen  generally  throughout  the 
West,  and  a  few  local  strikes  occurred  at  different  points  on  the 
western  portion  of  the  Santa  Fe  lines.  All  were  of  rather  short 
duration  except  the  one  on  the  company's  lines  in  Texas,  which 
included  all  shopmen,  except  carmen,  and  continued  for  many 
weeks,  the  men  being  finally  defeated. 

This,  hoAvever,  proved  only  to  be  the  forerunner  of  a  general 
strike  on  the  entire  vSanta  Fe  system,  which  took  effect  in  May, 
1904.  It  was  a  most  bitterly  fought  contest,  and  like  all  kinds 
of  zvar^  no  matter  where  waged,  in  the  drawing-room,  the  count- 
ing-house, in  Wall  or  Lombard  Street,  on  the  high  seas,  on  the 
field  of  battle,  or  between  organized  labor  and  a  corporation,  they 
cost  money  in  proportion  to  the  size  or  strength  and  determina- 
tion of  the  contending  parties. 

It  is  unnecessary  to  dwell  on  the  cost  of  the  strike  to  the 
Santa  Fe  at  any  great  length ;  that  it  was  extraordinary,  how- 
ever, is  evidenced  by  the  fact  that,  as  a  result,  the  cost  of  loco- 
motive maintenance  advanced,  as  follows  : 


Years 

Number  of  engines 

1 

Cost  per  engine  per  yr. 

Increase  over  1900 

1900 

1,136 

$2,096 

1901 

1. 174 

2,858 

1902 

1,312 

3,156 

1903 

1,309 

3,041 

1904 

1.433 

3,772 

1905 

1,454 

4,165                 j 

98.7% 

Tt  should  be  noted  that  the  cost  of  locomotive  maintenance 
in  1905  above  1903,  the  year  prior  to  the  general  strike,  was 
T,/  per  cent.,  or  $1,634,296,  this  item  being  one  of  the  essential 
factors  in  determining  the  economic  effect  of  "  scientific  man- 
agement "  on  the  cost  of  maintenance,  but  on  which  the  advocates 
of  this  ])lan  have  so  far  remained  painfuJIv  silent,  even  when 
quoting  figures  affected  thereby,  thus  conveying  the  impression 
that  conditions  were  normal  in  1905,  and  thereby  taking  credit 
for  the  reduction  in  cost  per  engine,  to  $3101  in  1906  and 
$3036  in  1907,  that  was  bound  to  follow  the  termination  of  this 
struggle,  thus  changing  the  basis  of  company's  financial  budget  or 
maintenance  item  from  a  war  to  a  peaee  basis. 
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Having  reviewed  the  conditions  up  to  1905  with  a  view  of 
making  clear  any  comparisons  with  that  or  other  years,  a  tabu- 
lated display  of  mechanical  department  expenses  for  the  years 
1900  to  1910,  inclusive,  is  next  presented,  from  which  many  inter- 
esting comparisons  may  be  made  and  deductions  drawn. 

Referring  to  Table  E,  page  19,  attention  is  invited  to  the 
following  facts : 

That  the  average  cost  of  maintenance  of  locomotives,  items 
7,  8  and  9,  was  47  per  cent,  greater  during  the  years  1904,  1905, 
1906  and  1907  than  during  the  four  years  prior. 

That  the  total  average  cost  for  maintenance  of  equipment  (see 
item  30)  was  50  per  cent,  greater  in  1904,  1905,  1906  and  1907 
than  during  the  four  years  prior. 

That  general  office  clerks'  expense  increased  56  per  cent. 

That  maintenance  equipment  superintendence  expense  in- 
creased 153  per  cent. 

That  shop  machinery  and  tools  expense  increased  67  per  cent. 

That  cost  of  new^  engines  and  cars  increased  80  per  cent. 

And  the  item  of  "  Other  Expenses  "  increased  258  per  cent, 
during  the  four-3^ear  period  of  1 904-1 905-1 906-1 907  as  com- 
pared with  the  four  years  prior. 

This  comparison  is  intended  to  serve  two  purposes : 

First:  The  abnormal  high  cost  of  maintenance  in  1904  and 
1905  due  to  the  shopmen's  strike. 

Second:  That  with  this  abnormal  high  cost  as  a  favorable 
starting  point,  together  with  the  lavish  expenditure  of  millions 
for  new  locomotives,  cars,  shop  tools,  supervision  and  other 
expenses,  the  showing  for  the  four  years  mentioned,  or  even  the 
three  years  following,  1908,  1909  and  1910,  a  total  of  seven 
years,  has  not  at  any  time  been  as  good  as  prior  to  the  introduc- 
tion of  "  scientific  management  "  on  the  road  in  1904. 

OPERATING  RESULTS   IN    COMPARISON. 

With  a  view  of  presenting  a  comparison  of  certain  operating 
results  of  representative  lines,  in  the  territory  traversed  by  the 
A.,  T.  &  S.  F.  Ry.,  also  in  the  United  States,  an  additional  table 
(F)  was  prepared,  and  your  attention  is  first  invited  to  section 
one  of  the  comparative  cost  per  engine  per  year  and  cents  per 
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mile  run  on  twelve  of  the  more  prominent  lines  in  the  territory 
bounded  by  Chicago  on  the  east,  Pacific  Ocean  on  the  west, 
Canada  on  the  north,  and  Mexico  on  the  south,  the  Santa  Fe 
occupying  a  somewhat  middle  ground  position. 

It  will  be  noted  that,  notwithstanding  the  high  cost  of  the 
Southern  Pacific,  which  is,  more  strictly  speaking,  a  mountain 
road,  and  entirely  in  the  zone  of  maximum  prices  for  both  labor 
and  material,  the  average  cost  per  engine  per  year  on  the  Santa 
Fe  is  21  per  cent,  above  the  average  of  all  twelve  lines,  and  25 
per  cent,  above  on  a  basis  of  cost  per  mile  run. 

Section  Tivo. — The  second  portion  of  the  table  treats  with  one 
item  of  expense  not  heretofore  given  much,  if  any,  prominence 
in  the  analysis  of  costs,  and  that  is  the  item  of  "  superintendence 
maintenance  of  equipment,"  or,  in  the  more  common  language  of 
the  street,  what  it  costs  to  boss  the  job. 

This  analysis,  or  comparison,  was  really  invited  by  the  very 
extravagant  claims  of  great  saving  made  on  the  Santa  Fe,  in 
which  mention  was  made  of  the  slightl}'  increased  cost  of  super- 
vision necessary  in  order  to  enjoy  the  great  economy  resulting 
therefrom.  The  figures  present  quite  an  interesting  study,  par- 
ticularly when  considered  in  connection  with  the  companion 
section  No.  i.  and  the  preceding-  table  on  page  19,  of  Sante  Fe 
statistics. 

The  cost  of  supervision,  or  superintendence,  is  first  given  in 
full  for  twelve  lines  representative  of  the  leading  railways  of 
the  United  States,  and  from  a  geographical  standpoint,  quite 
evenly  distributed. 

The  first  ratio  of  cost  is  based  on  the  number  of  engines,  while 
the  second,  which  is  the  better  of  the  two,  is  based  on  the  total 
number  of  engines  and  all  kinds  of  cars. 

By  the  first  comparison  it  will  be  noted  that  the  Santa  Fe 
is  56  per  cent,  above  an  average  of  all  lines,  and  by  the  second 
y^  per  cent,  above  an  average. 

Next,  the  locomotive  mileage,  average  cost  per  engine  i^er 
year,  and  per  mile  run,  is  given,  with  averages  of  all,  and  by  this 
comparison  it  will  be  observed  that  the  Santa  Fe  is  41  per  cent, 
above  an  average  cost  per  year,  and  33  per  cent,  above  an  average 
cost  in  cents  per  mile  run. 

From  the  foregoing  statistics,  it  would  appear  that  the  figures 
generally  given  out  with  reference  to  the  millions  of  dollars  saved 
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to  the  Santa  Fe  Company  by  "  scientific  management "  will  not 
"  bear  analysis"  ;  that  the  experiment  has  been  a  most  expensive 
one,  that  they  are  not  doing  as  well  as  a  majority  of  other  lines 
operating  in  the  same,  or  similar  territor}^,  and  are  far  below  the 
average  of  efficiency  attained  by  many  prominent  trunk  lines  of 
the  country,  or  of  the  railways  of  the  United  States. 

comparison  with  the  united  states. 

The  average  cost  for  maintenance  locomotives,  freight  cars 
and  passenger  cars  in  the  United  States,  and  of  the  Santa  Fe, 
was  as  follows : 


■• 

Average 

Cost  on  Santa  Fe  and  amount 
above  U.  S. 

Items 

cost 
in  U.  S. 

Cost  on 
Santa  Fe 

Total  excess  am't 
on  each  item 

Locomotives 

Freight  Cars 

Passenger  Cars 

2,368 

77 
737 

$3,832 

108 

1.249 

$2,819,664.00 

1.774.454- 51 
738,375.00 

Cost  on  Santa  Fe  in  excess  of  U.  S.  average 

$5,332,493-51 

From  the  foregoing  it  certainly  should  be  clear  to  everyone 
that  the  Santa  Fe  Road,  which  is  now,  and  has  been  for  six 
years,  under  a  heavy  expense  maintaining  "  scientific  man- 
agement "  plan,  has  a  maintenance  of  equipment  cost  of  over 
$5,000,000  per  year  above  an  average  of  the  United  States,  and 
far  in  excess  of  most  all  other  lines  similarly  situated,  except  in 
the  matter  of  this  special  feature  of  expense.  It  is,  therefore, 
unnecessary  to  enter  into  details  with  respect  to  the  possibility 
of  maintaining  locomotives  on  6  cents  per  mile  and  freight  cars 
on  $35  per  year,  and  passenger  cars  on  a  corresponding  amount, 
as  the  proposition  will  not  justify  consideration. 

The  unprejudiced  railway  man,  who  is  guided  by  knowledge, 
born  of  experience  in  the  solution  of  such  problems,  is  forced  to 
the  conclusion,  that,  notwithstanding  the  unqualified  support 
given  this  plan  by  the  operating  vice-president  in  charge,  over  a 
period  of  six  years  or  more  on  the  Santa  Fe,  it  does  not,  on 
analysis,  present  results  at  any  time  in  this  period  that  would 
commend  it  for  general  adoption  in  railway  operation. 
Vol.  CLXXIir,  No.  1033—3 
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examples  of  efficiency  in  the  reorganization  and  man- 
agement of  the  mechanical  department  of  a  railway. 

Two  examples  of  most  excellent  results  in  the  reorganization 
of  the  mechanical  department  of  a  railway,  embracing  as  it  did, 
maximum  efficiency  at  a  minimum  of  cost,  might  serve  to  show 
the  possibilities  under  conditions  that,  while  manifestly  bad,  had 
become  so  under  oppositely  different  systems  of  management, 
each  having  gone  through  with,  and  partially  recovered  from,  the 
effects  of  a  shopmen's  strike,  and  had,  for  some  time,  been  enjoy- 
ing the  economies  usually  following  a  successful  issue  of  that 
kind,  so  that  such  comparisons  as  may  be  made,  or  reductions 
shown  in  cost,  or  improvement  effected,  are  measured  from  a 
point  below  average  conditions. 

Example  A. — On  this  line  the  physical  condition  of  the  power 
and  rolling  stock  was  very  bad,  while  the  organization  was 
demoralized  and,  therefore,  inefficient.  The  management  was 
thoroughly  aroused  at  conditions  and  was  prepared  to  authorize 
additional  funds  to  meet  the  anticipated  increased  expenditures 
involved. 

After  making  a  careful  study  of  the  situation,  however,  it 
was  decided  to  first  obtain  maximum  efficiency  from  present 
facilities  before  incurring  heavy  expenditures  for  new  locomo- 
tives, freight  cars,  passenger  cars,  shops,  shop  tools  and  addi- 
tional force. 

The  engineers,  jfiremen,  shop  forces,  officers,  and  clerks  were 
all  in  a  highly  nervous  state  and  naturally  skeptical  of  the  mean- 
ing of  every  move,  which  rendered  it  doubly  necessary  that  no 
mistakes  be  made.  The  cry  from  almost  every  direction  was  for 
increased  facilities,  either  machinery,  tools,  men,  or  all  three. 
The  shop  output  was  low  in  quantity  and  not  of  the  best  quality, 
and  immediate  action  was  necessary. 

Instead  of  theorizing  for  weeks  or  months,  and  then  another 
similar  period  in  experimenting  on  theories,  a  well-defined  plan 
was  in  working  order  and  giving  results  inside  of  thirty  days. 

Many  machines  that  were  thought  obsolete,  it  was  found  only 
needed  slight  repairs  and  intelligent  operation,  thus  saving  the 
price  of  new  ones,  and  indirectly  increasing  the  output  of  others, 
and  in  many  cases  a  substantial  increase  in  the  compensation  of 
the  operators. 
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The  entire  department,  including  enginemen,  became  con- 
verted to  the  new  order  of  things  at  once,  and  combined  to  attain 
100  per  cent,  efficiency  in  a  thoroughly  practical  manner,  and  the 
results,  which  were  in  some  instances  realized  inside  of  thirty 
days,  were  substantially  as  follows : 

Per  cent. 

Increased  shop  output,  number  of  engines 56 

Reduced  shop  cost  of  engines 19 

Reduced  cost  repairs  per  mile 16 

Reduced  cost  hibrication  per  mile 29 

Increased  number  passenger  cars  through  shops 38 

Decreased  cost  per  car 20 

Decreased  cost  per  car  for  lubrication 24 

Increased  number  of  freight  cars  repaired 29 

Decreased  cost  per  car 14 

Decreased  cost  per  car  for  lubrication 16 

Increased  cost  of  supervision,  clerks,  etc NONE 

The  above  results  were  obtained,  much  to  the  surprise  of 
those  in  charge,  at  a  cost  less  than  the  corresponding  preceding 
period  of  over  3  per  cent.,  while  it  had  been  conservatively 
estimated  that  an  increase  of  15  or  20  per  cent,  in  pay  rolls  alone 
would  be  necessary  to  overcome  the  general  poor  condition  of 
equipment. 

Example  B. — The  conditions  on  the  second  line  in  question, 
while  not  generally  as  bad  as  on  the  first  mentioned  line,  were 
worse  in  some  particular  respects,  in  that  the  organization  had 
been  on  an  entirely  different  basis;  therefore,  the  remedial  meas- 
ures to  be  applied  were,  of  necessity,  fitted  to  suit  the  case  and 
somewhat  different  than  in  the  first  mentioned  case. 

The  financial  conditions  had  been  such  for  years  that  the 
power,  rolling  stock  and  shops  had  been  sadly  neglected,  and 
fallen  into  a  state  of  repair  that  prevented  much  of  it  from  being 
operated  at  all,  something  like  12  to  14  per  cent,  of  the  freight 
cars  being  parked  out  in  bad  order,  account  no  funds  to  make 
repairs.  The  shop  forces,  while  not  decidedly  bad,  were  far 
from  good.  This,  however,  was  largely  due  to  the  form  of 
organization  rather  than  the  men  in  direct  charge. 

Confronted  with  a  condition  calling  for  the  expenditure  of 
large  additional  sums  of  money,  heavy  reductions  were  at  once 
put  into  effect,  the  total  amount  of  reduction  made  in  60  days 
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being  approximately  2.y  per  cent.,  while  there  should  have  been 
added  more  than  that  amount. 

Under  the  restricted  latitude  due  to  lack  of  funds,  however, 
much  encouraging  progress  was  made  in  shop  and  road  economies 
and  in  perfecting  an  effective  organization. 

The  number  of  engines  turned  out  of  the  main  shops  was 
equal  to  the  number  receiving  like  repairs  prior  to  the  reduction 
of  shop  forces,  which  result  was  equivalent  to  an  increase  of 
about  30  per  cent,  in  shop  efficiency.  The  same  was  true  with 
respect  to  both  passenger  and  freight  car  repairs  and  mainte- 
nance, while  in  the  items  of  economy  in  fuel  used  by  locomotives. 
economy  in  engine  supplies,  and  locomotive  and  car  lubrication, 
the  reductions  varied  from  1 5  per  cent,  to  30  per  cent. 

The  plan  of  organization  and  the  respective  characteristics 
or  qualifications  of  the  two  officials  who  directed  the  depart- 
ments on  the  two  lines  in  question  were  diametrically  opposite, 
one  being  considerably  below  the  average  practical  man  in 
mechanical  or  executive  ability,  while  the  other  stood  away  above 
the  average  "  gentleman  of  scientific  attainments." 

The  system  of  "  scientific  management  "  as  outlined  by  its 
advocates  would  not  have  improved  conditions  on  either  line  in 
question,  but  would  have  very  likely  proved  destructive  to  the 
poorly  organized  and  suspicious  forces  that  were  not  in  condition 
to  take  up  new  ideas  or  theories,  in  the  operation  of  which  their 
compensation,  and  possibly  their  positions,  were  involved. 

STAFF   officers'    QUALIFICATIONS. 

There  is  scarcely  a  business  in  which  there  is  greater  need  of 
additional  supervision  in  the  way  of  Staff  Officers  than  in  rail- 
road work,  and  nowhere  will  the  investment,  when  properly  made, 
bring  larger  returns.  Contra  to  this,  there  is  no  place  where  a 
staff  officer  can,  and  is  liable  to,  do  more  harm  than  in  a  railway 
organization,  hence  the  necessity  of  great  care  and  caution  in 
making  a  selection,  and  clearly  defining  the  scope  of  his  work. 

Men  whose  experience  has  been  confined  exclusively  to  that 
of  a  line  officer  where  departmental  lines  are  clearly  defined  and 
closely  drawn,  or  those  whose  experience  has  been  largely  in  the 
analysis  of  statistical  data  or  engineering  matter,  are  not  well 
suited,  as  a  rule,  to  successfully  cope  with  the  various  delicate 
and  perplexing  problems  that  are  constantly  confronting  a  staff 
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officer  of  harmonizing  conflicting  interests,  the  proper  solution 
of  which  calls  for  personal  knowledge  of  the  details  of  the  ques- 
tions at  issue,  and  the  very  happy  faculty,  or  ability^  to  handle 
men.  As  a  general  proposition,  a  staff  officer  should  be  a  man 
who  has  successfully  managed  (as  a  line  officer)  an  important 
department  in  railway  operation. 

The  term  "  qualification  "  as  used  in  this  paper,  with  respect 
to  those  in  authority,  is  predicated  upon  the  following  character- 
istics, and  should  be  a  prerequisite  to  being  placed  in  charge  of 
any  work  involving  contact  with,  or  in  charge  of,  men : 

First:  As  a  fundamental  principle,  a  man  who  cannot  handle 
himself  cannot  handle  others,  although  it  is  a  notorious  fact 
that  men  who  have  little  or  no  control  of  themselves  actually 
believe  they  have  great  ability  to  handle  or  control  others. 

Second:  No  man  who  is  not  well  within  self-control  should 
ever  be  placed  in  charge  of  others. 

Disregard  of  these  two  cardinal  principles  in  the  selection  of 
railway  officers  has  driven  more  men  into  labor  unions,  and 
created  more  anarchists,  than  any  other  influence,  and  in  addition 
has  cost  the  railways  untold  millions  of  dollars  that  should  have 
gone  to  employees  and  shareholders. 

Third:  No  man  should  be  placed  in  charge  of  men  who  is 
not  personally  familiar,  from  practical  experience,  with  the  work, 
or  that  of  a  correlative  character,  so  as  to  enable  him  to  intelli- 
gently direct  others,  and  with  a  sufficiently  liberal  education  to 
enable  him  to  transact  business  with  his  colleagues,  superiors, 
and  the  public,  in  a  gentlemanly,  business-like  manner,  and  with 
capacity  for  increased  responsibility. 

efficiency    engineers WHO    ARE   THEY? 

From  the  rather  serious  charges  of  inefficiency  previously 
referred  to  in  connection  with  the  hearing  of  the  rate  cases  before 
the  Interstate  Commerce  Commission,  and  the  recommendations 
of  the  distinguished  counsel  for  the  shippers  (see  pages  97  and 
179),  together  with  testimony  of  the  very  able  exponents  of  the 
so-called  "  scientific  management,"  it  would  appear  that  the  rail- 
way companies  had  done  little,  or  nothing,  in  the  direction  of 
economy  in  operation. 

In  addition  to  the  testimony,  and  counsel's  pleading,  there 
was  an  unusual  quantity  of  literature  on  the  subject  in  the  daily 
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press  and  current  magazines,  much  of  it  highly  colored,  but  most 
all  detrimental  or  openly  hostile  to  corporate  interests. 

One  of  these  articles  appeared  in  Hampton's  for  March, 
pages  346  and  356,  from  the  pen  of  a  very  forceful  writer.  The 
tenor  of  the  entire  article  is  such  as  to  poison  the  public  mind 
against  corporations  regardless  of  the  facts  in  the  case. 

Among  the  many  very  extraordinary  statements  there  are  a 
few  that  have  special  reference  to^  the  subject  matter  under  con- 
sideration, and  to  which  I  shall  refer. 


TWO   MILLIONS  A  YEAR   WASTED   ON  OIL. 

On  page  347  appears  the  following  quotation : 

"  Mr.  Brandeis  estimates  that,  in  the  comparatively  small  item  of  lubri- 
cating oil,  our  railroads  waste  two  million  dollars  a  year  because  Wall  Street 
influences  them  to  buy  their  oil  from  the  '  Standard  Oil '  interests,  in  spite 
of  the  fact  that  independent  refiners  would  gladly  sell  them  an  equally  good 
article  for  less  money.  Such  independent  concerns  have  learned  long  since 
that  even  the  most  favorable  bids  against  the  firmly  entrenched  interests  will 
not  be  considered. 

"  Of  course,  two  millions  is  nothing  in  the  huge  annual  budget  of  our 
railroads — it  is  like  the  loose  change  that  a  clerk  spends  on  picture  shows — 
yet  a  hundred  thousand  weary  commuters  must  deny  themselves  twenty  dol- 
lars each  in  order  to  raise  two  million  dollars,  twenty  dollars  each,  that  they 
might  keep  if  grim  magnates  did  not  need  the  money." 

The  foregoing  is,  to  say  the  least,  a  very  broad  and  sweeping 
statement,  and  may  be  summed  up,  as  follows : 

First:  That  the  railways  of  the  United  States  stand  charged 
with  wasting  two  million  dollars  per  year  on  the  single  item  of 
"  lubricating  oil,"  due  to  Wall  Street  or  Standard  Oil  influence. 

Second:  That  the  burden  of  this  waste  by  the  railroads  of 
the  United  States  comes  on  ""  one  himdred  thousand  weary  com- 
muters "  who  must  deny  themselves  twenty  dollars  each,  per  year, 
that  they  might  keep  "  if  grim  magnates  did  not  need  the  money." 

As  there  can  be  no  possible  connection  between  an  item  of 
waste  on  the  railways  of  the  United  States  and  a  fixed  number  of 
classified  passengers,  the  statement  at  once  automatically  receives 
the  stamp  of  unreliability  in  character  and  hostility  of  purpose. 

Let  us  review  the  facts  in  the  case. 
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RAILWAY   passengers   CARRIED CLASSIFIED    (1909). 

Total  number  passengers  carried   (I.  C.  C.  reports) 891,472,425 

Total  number  of  passengers  carried  one  mile 29,109,322,589 

Passenger  revenue   $563,609,342 

Number  of  commuters   (railway  companies'  statistics) 188,359,788 

Revenue  from  commuters,  estimated  on  basis  of  each  passen- 
ger riding  10  miles  at  six-tenths  cent  per  mile,  or  six  cents 

per  trip   $1 1,301,587 

Per  cent,  of  passenger  revenue  from  commuters,  estimated 22 

Taking  the  average  number  of  commuters  handled  per  day, 
based  on  the  figures  for  1908,  which  are  low,  if  each  one  pays 
$20  per  year  too  much  fare,  the  total  excess  from  this  source 
would  be  as  follows  : 

Average  number  of  commuters  per  day 606,554 

Amount  per  year  at  $20  each $12,131,080 

which,  it  will  be  noted,  is  more  than  the  entire  estimated  income 
from  commuter  travel  for  the  entire  year. 

The  average  rate  per  mile  paid  by  all  passengers  on  our  rail- 
ways is  slightly  above  two  cents,  while  that  paid  by  the  commuters 
is  considerably  less  than  one  cent  per  mile  (to  be  more  exact,  about 
six-tenths  of  a  cent),  from  all  of  which  it  would  appear  that 
commuters  are  now  enjoying  a  lower  rate  than  other  passengers, 
and  that  there  is  no  intelligent  application  possible  of  the  number 
of  commuters,  or  the  sum  of  money  mentioned,  to  the  statistics 
of  passengers  carried,  or  earnings  therefrom. 

From  the  foregoing  facts,  with  respect  to  passenger  traffic,  it 
is  clear  that  the  author  of  the  article  in  question  was  either  unin- 
formed on  this  matter,  or  purposely  garbled  the  figures  with  mis- 
chievous intent. 

We  may  now  go  further  and  see  about  the  alleged  waste  of 
two  millions  per  year  in  the  item  of  oil. 

In  the  early  history  of  our  railways  most  all  supplies  were 
bought  at  a  flat  rate  per  unit  of  quantity,  and  in  the  items  of 
oil,  tallow,  and  waste  the  quantities  used  depended  largely,  if  not 
wholly,  on  the  judgment  or  disposition  of  those  who  used  it, 
i.e.,  enginemen,  trainmen,  and  carmen. 

The  governing  factor  in  car  lubrication  was  the  size  or  cubic 
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capacity  of  the  journal  box,  for  both  car-  and  trainmen  were 
strong  advocates  of  "  Gospel  measure,"  full  and  running  over. 
The  same  was  true  with  respect  to  locomotive  lubrication  except 
that  the  engineer  was  privileged  to  observe  the  Biblical  injunction 
at  various  and  divers  places  on  each  trip,  while  the  car  journals 
were,  as  a  rule,  not  given  an  oil  bath  at  such  frequent  intervals. 

Along  many  tracks  where  cars  and  engines  were  regularly 
oiled,  the  oil  thus  wasted  actually  stood  in  pools  or  puddles,  and 
if  an  engjne's  drivers  slipped  in  starting,  one  would  need  an 
umbrella,  if  standing  near,  as  a  protection  from  the  falling  oil. 

Some  excuse  for  what  now  appears  to  have  been  a  great 
waste  at  that  time,  in  quantity  at  least,  was  the  fact  that  the 
lubricating  oil  was  largely  of  a  very  cheap  grade. 

Some  30  years  ago  (1880),  when  there  were  in  round  num- 
bers about  100,000  miles  of  railway  in  the  United  States,  and 
the  construction  of  new  lines  and  other  industrial  development  of 
the  country  in  general  were  on  a  gigantic  scale,  those  in  charge 
of  the  work,  especially  railway  construction  and  operation,  could 
not  give  close  attention  to  details.  Certain  others  saw  the  need 
of  improvement,  and  set  to  work  in  a  systematic,  business-like 
manner  to  bring  it  about,  and  to  these  pioneers  properly  belongs 
the  title  of  efficiency  engineer  in  its  broadest  sense,  for  the  great 
financial  benefits  that  have  accrued  to  railway  companies  from  the 
economies  in  operation  which  they  made  possible. 

In  the  matter  of  lubrication,  a  superior  quality  of  oil  was 
produced,  but  like  good  clothing,  food,  fine  horses,  or  other  high- 
class  commodities,  it  cost  more  than  an  inferior  or  poor  grade ; 
therefore,  the  railways  would  not  at  first  consider  its  use,  for 
the  reason  they  did  not  see  how  any  less  quantity  would  serve 
their  purpose,  and  at  the  increased  price  per  gallon  this  would 
result  in  a  big  increase  in  cost  of  lubrication. 

To  meet  this  condition,  the  oil  company  offered  to  make  the 
railroads  safe  against  loss  by  a  guarantee,  on  a  rnileage  basis, 
staking  their  reputation  and  the  difference  in  price,  between  a 
high-grade  compounded  oil  and  the  cheap  product  then  in  use, 
against  the  results  they  felt  sure  could  be  obtained.  The  success 
of  the  plan  proved  the  superiority  of  the  good  oil,  and  from  this 
beginning  the  use  of  these  oils  was  gradually  adopted  by  most  all 
lines,  for  in  most  every  case  there  were  the  following  good  reasons 
for  making  the  change : 
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First:  A  guaranteed  reduction  of  10  per  cent,  on  existing 
costs  per  thousand-mile  run. 

Second:  A  guaranteed  cost  per  thousand-mile  run  in  future 
on  all  service. 

Third:  Responsibility  for  fluctuations  in  item  of  cost  of  lubri- 
cation on  a  mileage  basis,  transferred  from  railroad  to,  and 
assumed  by,  the  oil  company. 

All  of  which  are  excellent  business  reasons  why  any  efflcient 
railway  manager  would  secure  the  higher  grade  and  more  efficient 
oils  at  a  higher  initial  cost  per  gallon,  but  with  a  much  less  net 
cost  for  the  same  unit  of  service. 

The  result  is,  that  at  present,  and  for  some  years  past,  about 
98  per  cent,  of  the  mileage  and  equipment  is  lubricated  with  the 
oils  furnished  by  one  company  on  the  guaranteed  mileage  basis 
plan  above  mentioned,  and  in  most  every  instance  the  change 
was  made  by  virtue  of  the  displaced  oil  company  not  being 
able  to  meet  the  10  per  cent,  reduction  offered,  thereby  losing  out 
on  a  fair,  square,  competitive  business  proposition. 

ECONOMIES  EFFECTED  BY  OIL  COMPANY. 

When  the  oil  company  that  now  stands  charged  with  coercing 
the  railways  into  wasting  two  million  dollars  a  year,  through  the 
purchase  of  their  goods,  first  secured  the  business,  it  was,  as 
previously  stated,  on  a  guaranteed  reduction  in  cost  per  1000- 
mile  run  of  10  per  cent.,  and  protection  against  increased  costs 
in  future. 

Since  these  oil  contracts  have  been  generally  accepted  by  our 
railways,  the  trend  of  most  all  prices  or  cost  for  material  and 
labor  has  been  upward,  except  on  two  items,  one  of  which  the 
railways  purchase  and  the  other  they  manufacture  and  sell. 
namely:  lubrication  and  transportation. 

The  cost  of  labor  and  material  (except  oil)  has  advanced  dur- 
ing the  past  twenty  years  in  a  most  remarkable  degree,  the  various 
estimates  ranging  from  20  to  as  high  as  100  per  cent.,  and  it  is 
fair  to  assume  that  if  the  guaranteed  mileage  feature  of  lubricat- 
ing railway  equipment  had  not  been  introduced  and  maintained 
(sometimes  at  great  loss  to  the  oil  company)  the  cost  of 
lubrication  to  engines  and  cars  would  have  increased,  both  in 
proportion  to  their  increased  size  and  the  general  advanced  cost 
of  other  materials  and  labor  used  in  railway  operation. 
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As  locomotives  have  been  more  than  doubled  in  size  or 
capacity,  and  in  many  other  ways  require  additional  lubrication, 
and  both  passenger  and  freight  cars  have  likewise  increased  in 
size,  it  is  thought  that  a  conservative  estimate  of  the  increased 
cost  for  lubrication,  if  left  on  the  old  basis  of  20  years  ago, 
would  at  present  be  about  as  follows : 

Locomotives,  per  locx)  miles $6.00 

Passenger  cars  per  1000  miles 60 

Freight  cars  per  1000  miles 30 

On  the  above  basis  the  cost  for  lubrication  to  our  railways 
would  have,  in  all  probability  (in  1909),  been  as  follows: 

Locomotive  miles,  1.529,454,537  @  $6.00  per  1000,  $9,176,727 

Passenger  car  miles,       2,746,510,733  @      .60  per  1000,     1,647,906 
Freight  car  miles,  17,169,413,224  @      .30  per  1000,     5,150,824 

Total    $15-975.457 

As  a  matter  of  fact,  however,  the  oil  company  has  gradually 
reduced  the  general  average  cost  of  lubrication,  per  1000  miles, 
on  both  cars  and  engines,  thus  effecting  economies  that  have 
saved,  and  are  at  the  present  time  saving,  the  railroads  millions 
of  dollars. 

The  exact  average  cost  of  lubrication  per  1000-mile  run  on 
all  railways  is  not  known,  but  from  an  average  of  quite  a  num- 
ber of  the  leading  lines  the  cost  may,  for  comparative  purposes, 
be  estimated  as  folows : 

Locomotive  miles,  1,529,454,537  @  $2.50  per  1000,  $3,823,636 

Passenger  car  miles,       2,746,510,733  @      .12  per  1000,       329.581 
Freight  car  miles,  17,169,413,224  @      .05  per  1000,       858,470 

Total    $5,011,687 

From  which  we  secure  the  following  figures  : 

Estimated  present  cost  of  lubricating  equipment  on 
railways,  if  the  oil  company  had  not  only  prevented 
an  increase,  but  systematically  reduced  cost  for  the 
past  20  years    $15,975,457 

Estimated  present  cost   5,011,687 

Present  saving  to  the  railroads  on  the  item  of  oiL .  $10,963,770 

I  will  next  invite  attention  to  a  graphic  chart  (Table  G), 
showing  the  increased  size  or  area  of  freight  car  journal  bearings, 
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and  the  decreased  cost  per  looo  miles,  and  per  square  inch  of 
area,  for  the  past  20  years. 

The  chart  is,  on  a  little  study,  replete  with  data  in  confirma- 
tion of  the  foregoing  statements  and  figures,  all  of  which  are  alike 
applicable  to  locomotives,  freight  and  passenger  cars. 

Yet,  in  the  face  of  these  facts  that  are  within  reach  of  any 
one  searching  for  the  truth  in  the  matter,  the  oil  company  stands 
charged  with  practically  forcing  the  railways  to  waste  two 
million  dollars  per  year. 

In  addition  to  the  economy  to  railways  on  the  item  of  oil 
alone,  there  were  many  other  economies  enjoyed  as  a  result  of 
their  oil  contracts,  as  the  oil  company  furnishes  experts,  free  of 
charge,  to  supervise  the  economical  use  of  the  oils,  and  in  their 
co-operation  with  mechanical  and  operating  officers  many  im- 
provements in  the  design  and  repairs  of  motive  power,  handling 
of  equipment,  stores  and  supplies  have  been  accomplished,  this 
item  amounting  in  the  aggregate,  doubtless,  to  many  times  the 
sum  of  two  million  dollars  per  year  which  the  oil  company  stands 
accused  of  causing  to  be  wasted. 

It  may  therefore  truthfully  be  said  that  regardless  of  what 
mistakes  may  have  been  made  by  the  Standard  Oil  Company 
(and  none  are  pointed  out  by  its  critic),  the  Galena  Signal  Oil 
Company,  which  supplies  lubricating  oils  for  about  98  per  cent, 
of  the  railway  mileage,  has,  as  a  result  of  this  analysis,  been 
relieved  from  the  general  charge  of  causing  a  considerable  waste, 
and  credited  with  effecting  much  economy  that  actually  adds  to 
the  cash  balance  in  the  treasury.  And  to  such  companies,  their 
founders  and  leaders  should  be  given  the  credit  they  justly  de- 
serve, instead  of  being  held  up  as  public  enemies. 

There  are  to-day  in  this  great  Commonwealth  of  Pennsyl- 
vania three  industrial  concerns  in  particular  that  have  con- 
tributed much  to  the  cause  of  efficiency  engineering.     I  refer  to 

The  Baldwin  Locomotive  Works 

The  Westinghouse  Air  Brake  Company 

The  Galena  Signal  'Oil  Company 

and  to  the  names  of  the  men  who  founded  and  built  up  these 
splendid  companies  may  properly  be  added,  such  as  James  J. 
Hill,  Andrew  Carnegie,  Richard  T.  Crane,  Thomas  W.  Scott, 
George  M.  Pullman,  Reuben  Wells,  and  many  others. 
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The  Westinghouse  Company,  in  the  development  of  the  air- 
brake, has  contributed  more  than  any  other  one  company  toward 
making  it  possible  for  our  railways  to  handle  in  one  year  the 
following  volume  of  business : 

Tons  freight  carried  one  mile 29,109,322,589 

Passengers  carried  one  mile 218,802,986,929 

With  a  total  net  revenue  from  operation  of $2,418,677,538 

For,  without  the  improved  air-brake,  making  it  possible  for  the 
engineer  to  stop  high-speed  passenger  and  fast  freight  trains, 
there  would  be  no  eighteen-hour  passenger  trains,  or  three-day 
freight  trains  between  New  York  and  Chicago.  Fresh  vegetables 
and  tropical  fruits  gathered  in  Florida  on  Thursday  could  not  be 
served  on  your  tables  in  Philadelphia  and  New  York  on  Sunday, 
and  the  two  hundred  million  commuters  who  annually  come  to, 
and  return  from,  their  places  of  business  at  speeds  of  from  40 
to  60  miles  per  hour,  in  trains,  many  of  them  less  than  10  minutes 
apart,  would  either  have  to  give  up  their  suburban  homes  and 
live  in  flats,  or  devote  probably  one  to  two  hours  per  day  more 
in  travelling  to  and  from  their  homes. 

While  it  would  be  extremely  difficult  to  estimate  in  hundreds 
of  thousands,  or  even  millions  of  dollars,  the  benefits  that  yearly 
accrue  to  our  railways  through  the  agency  of  the  modern  air- 
brake, it  may  safely  be  said  that  with  all  our  other  highly  devel- 
oped modern  railway  equipment,  that  if  we  were  dependent,  for 
one  day,  on  the  brakes  of  20  years  ago,  the  business  of  the  country 
would  be  practically  paralyzed,  and  the  loss  of  both  life  and 
property  very  great. 

lubrication — conclusion. 

In  the  matter  of  lubrication,  the  Galena  Signal  Oil  Company 
has,  by  its  efficiency  engineering  system  of  basing  net  costs  on 
guaranteed  service  rendered,  disregarding  the  purchase  price  per 
gallon  of  its  high  grade  oils,  succeeded,  as  previously  stated,  in 
securing  about  98  per  cent,  of  the  business  of  our  railways.  And 
strange  as  it  may  seem,  it  is  nevertheless  true,  that,  although 
motive  power  and  cars  have,  during  the  past  twenty  years,  in  most 
instances  just  about  doubled  in  size  or  capacity,  the  oil  company 
has  constantly  reduced  the  cost  of  lubrication  per  1000-mile  run, 
and  has  therefore  effected  a  double  saving — one  on  the  reduced 
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cost  per  1000-mile  run  by  cars  and  engines,  and  the  other  in 
providing  lubrication  for,  and  accepting  as  one  unit,  the  thousands 
of  new  engines  and  cars  that  are  twice  the  size  of,  and  equal 
to  two  of,  the  type  and  size  built  some  years  ago. 

From  a  review  of  the  foregoing  figures  and  facts,  it  should 
be  clear  to  any  unbiased  mind  that  the  actual  saving  to  the  rail- 
ways, in  money,  on  the  single  item  of  lubricating  oil,  based  on 
cost  of  service  rendered,  is  not  less  than  an  average  of  $5,000,000 
per  year  for  the  past  twenty  years,  and  the  additional  saving,  due 
to  the  increased  size  or  capacity  of  engines  and  cars,  together 
with  the  unestimated  economies  in  various  other  items  of  a  col- 
lateral character,  resulting  from  the  "  efficiency  engineering  sys- 
tem "  so  successfully  practised  by  the  Galena  Signal  Oil  Company 
for  the  past  twenty  years,  that  it  would  be  safely  within  the 
bounds  of  conservatism  to  place  the  actual  amount  saved  at  not 
less  than  about  $100,000,000  and  that  the  present  saving  may  be 
estimated  at  about  $10,000,000  per  year,  which  not  only  justifies 
placing  this  company  among  those  engaged  in  effecting  economy 
in  railway  operation,  but  discredits  the  statement  that  the  oil 
company  either  uses  coercion  to  secure  contracts,  overcharges 
for  its  oils  $2,000,000  per  year,  or  in  any  manner  affects  the 
rates  of  fare  paid  by  commuters. 

RAILROADS  RUN  BY  "  RULE  OF  THUMB." 

On  page  355,  Hampton  s  for  March,  the  same  author,  pre- 
viously quoted,  makes  the  following  statement : 

"  At  present,  with  our  railroad  business  conducted  more  or  less  by  *  rule 
of  thumb,'  there  are  wide  margins  where  stealing  is  possible,  since  no  one 
can  be  sure  where  waste  begins  and  stealing  ends.  No  one  knows  exactly 
how  much  should  be  spent  for  the  repairs  of  a  freight  car.  It  may  be  $30, 
$40,  $50,  $60  or  $70." 

Anticipating  the  possibility  of  the  general  application  of  this 
charge  by  the  reading  public  in  its  literal  sense,  it  might  not  be 
amiss  to  first  state  that  the  following  employees  of  the  operating 
departments  of  our  railways  work  under,  and  conform  to,  the 
standard  rules  adopted  by  the  American  Railway  Association. 
They  also  have,  with  few  exceptions,  contracts  made  through  their 
organizations,  and  in  one  or  both  of  these  their  movements, 
rates  of  compensation,  and  duties  are  minutely  outlined. 
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Connected  with  train  movement  there  are: 

Engineers    57^77 

Firemen    63,349 

Conductors    43,608 

Other  trainmen   1 14,760 

Section  foremen 41,859 

Other  trackmen  320,762 

Telegraph  operators  and  dispatchers   39>ii5 

Total   680,530 

Shopmen — Maintenance  of  Equipment. — Of  the  shopmen 
whose  duties  and  rates  of  pay  are  not  all  prescribed  in  the  book 
of  rules,  there  are  the  following: 

Machinists  48,237 

Carpenters   60,867 

Other  shopmen 195,110 

Total   304,214 

Of  the  304,214  shopmen  a  large  majority  of  them  are  work- 
ing under  contracts  that  clearly  define  their  duties  and  pay  for 
the  various  classes  of  work,  while  quite  a  large  number  of  the 
principal  lines  operate  their  main  repair  shops  on  a  most  thor- 
oughly detailed  piecework  schedule,  some  schedules  covering  as 
many  as  3000  or  more  items,  with  costs  ranging  from  one-quarter 
of  I  cent,  or  two  and  a  half  mills,  to  upward  of  $10,  or  a  range 
of  over  43,000  per  cent.,  every  item  or  operation  in  locomotive 
and  car  work  being  covered  so  completely  as  to  brand,  at  once, 
the  "  rule  of  thumb  "  statement  as  a  misstatement  of  facts,  there 
being  few,  if  any,  corporations,  outside  of  railroads,  that  have 
gone  as  deeply,  thoroughly  and  scientifically  into  the  minute  de- 
tails of  unit  costs  and  accuracy  of  operations  as  the  railways  have. 

SYSTEMATIZED   COST  OF  MAINTAINING  EQUIPMENT. 

The  extent  to  which  actual  costs  of  the  thousand  of  different 
operations  in  the  maintenance  of  equipment  have  been  applied 
on  most  of  our  leading  railways  during  the  past  ten  or  fifteen 
years  could  not  well  be  covered,  save  in  a  special  paper  on  that 
SI'  j'ect.     It  would  appear  sufficient  answer  to  those  who  assert 
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no  such  plan  is  in  existence  to  simply  say  that  such  plan  has  been 
for  years  in  successful  operation,  and  is  now  in  daily  use  on  about 
sixty  thousand  miles  of  railway  in  the  repairs  of  probably  more 
than  800,000  freight  cars,  aside  from  locomotives  and  passenger 
car  work. 

EXAMPLE  OF  SYSTEMATIZED  COSTS. 

On  one  prominent  trunk  line  the  maintenance  of  equipment 
is  conducted,  so  far  as  practicable,  under  a  most  thoroughly 
efficient  system  of  compensation,  based  on  a  schedule  of  prices 
for  the  various  operations  in  locomotive  and  car  work,  varying 
in  price  from  one-quarter  of  one  cent  (or  2 J/4  mills)  to  as  much 
as  $10.80  on  two  different  items,  or  a  range  of  43,200  per  cent, 
in  prices.  Every  possible  operation  in  the  repairs  of  locomo- 
tives or  cars,  from  driving  a  small  nail  in  a  roof  to  changing 
the  driving  wheels  of  a  locomotive,  is  fully  covered,  and  in  car 
work  the  number  of  items  and  range  of  prices  are  equally  as 
complete,  so  that  every  known  item,  both  in  the  machine  or 
smith  shop,  mill  or  fitting  room,  that  can  be,  has  a  scheduled 
price  which  yields  a  wage  in  proportion  to  the  operator's  ability, 
the  minimum  day's  pay  being  the  standard  rate  for  the  class  of 
workman. 

As  an  example  of  the  very  thorough  and  systematic  manner 
in  which  maintenance  of  equipment  has  been  handled  for  years 
on  many  of  our  trunk  lines,  the  price  schedules  of  the  line  in  ques- 
tion, with  certain  sample  pages,  have  been  photographed.  Your 
attention  is  invited  to  the  following  items : 

First:  Schedules  of  prices  in  book  form,  seven  copies. 

Second:  Sample  page  from  schedule  of  car  work  prices 
showing  a  range  of  rates  from  one-quarter  of  one  cent  (or  2^ 
mills)  to  $10.80,  or  43,200  per  cent. 

Third:  Sample  page  from  schedule  of  locomotive  prices  rang- 
ing from  5  cents  to  $9.70,  or  19,300  per  cent. 

These  schedules  embrace  more  than  one  hundred  and  seven 
thousand  items,  or  operations,  on  cars  and  locomotives,  and  have 
been  gradually  extended  to  all  work  at  points  where  practical, 
until  over  90  per  cent,  of  the  work  at  many  places  is  being 
handled  in  a  manner  satisfactory  both  to  the  workman  and  the 
company. 

The  earnings  of  the  workman  clearly  reflect  the  improved 
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shop  conditions  under  which  the  company's  power  and  rolling 
stock  have  been  materially  improved,  and  at  a  much  reduced 
cost  from  the  flat  day  work  plan. 

This  line  is  one  of  the  heavy  freight  carriers  between  Chicago 
and  New  York  City,  and  although  operated  under  adverse  con- 
ditions, the  splendid  service  rendered,  together  with  the  im- 
proved physical  condition  of  the  entire  property,  reflects  the 
very  able  management  and  efficiency  of  departmental  heads,  who 
have  made  possible  such  good  results. 


Plate  J. 

J 

j./_     :_::    :     :  ~ 

J      /.:.      _  __       :^    : 

Zl    '  u  _    :          _  : 

_    _:       __     J,  ^    _  i 

_,_v   ,  *  r    4        _  _  : 

-  ---       --     /  i  ---  ^A 

1.  \A  _  \    _  _  J        _  _ 

-         -        '^  1j|-,-,j^J^ 

^    t       I       -4- 

AXX-      —~                  --r.      %      ?W    ^  r^^-- 

^    *^i  _  =^i,__  __[       _     : 

/«                -                       r-^/         ^fi     ^^^ 

_L  --T^c  ---S       -r     - 

>L-                 ,^L_i^  —                              -3 

r    _^  _t  -^^"^,1  -^     .    - 

1.     ^^/^^     __        L             It       -     - 

_  :[--:l  --  --.  %  :[ 

%        ^                            \ 

_     3^ _J:             --tr-- 

c  ■■'      ~       5            "Sr 

-  -_    ^^    -    n  _ 

>> 

_  _    -    !:       n    : 

-   -     'i 

_    _      -    _      _      ._           I    -K- 

^1^ 

--          S       A 

x\ 

«>L'        '              '       1                                       .          1       1        M       M       1        1       Ug^iy^.. 

'HI     ^ 

: : » 

A  profile  (Plate  J)  of  the  line  will  more  clearly  indicate  its 
physical  characteristics. 

CONCLUSION. 

Having  reviewed  from  different  angles  the  most  important 
phases  of  the  question  under  consideration,  weighing  carefully, 
not  only  the  numerous  and  rather  extravagant  claims  made  for 
"  scientific  management,"  but  also  the  statistics  of  the  only  line 
that  has  for  years  employed  this  system,  or  plan,  the  only  verdict 
possible  from  the  evidence  is  most  emphatically  against  the  adop- 
tion of  any  such  plan  or  scheme  as  contemplated  by  the  very  able 
attorney  for  the  shippers  in  the  recent  rate  case,  and  the  various 
writers  who  have  contributed  to  the  support  of  the  scheme  to 
save  one  million  dollars  per  da^  to  the  railroads,  by  means  that 
it  may  safely  be  assumed,  if  adopted,  would  embrace  the  follow- 
ing: 
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First:  The  employment  of  a  large  additional  force  of  expen- 
sive but  not  productive  men,  who,  as  a  rule,  are  unfamiliar  with 
the  practical  operation  of  a  railway,  and  consequently  not  in 
sympathy  with  methods  essential  to  efficient  management,  which 
is  paramount  to  any  of  the  multiplicity  of  shop  operations  that 
may  have  been  reduced  to  a  highly  scientific  basis,  but  all  of 
which,  if  combined,  would  only  aggregate  a  small  portion  of  the 
cost  of  maintenance  of  equipment,  the  total  of  which  is  only  22 
per  cent,  of  the  cost  of  operating  our  railways.  So  that,  aside 
from  the  human  equation,  the  quantity  of  the  work,  or  percentage 
of  expense  involved  in  the  maintenance  of  equipment  to  which  this 
experiment  could  be  applied,  is  so  insignificantly  small,  and  the 
benefits  claimed  to  accrue  therefrom  so  uncertain,  as  to  leave  it 
without  support  as  a  means  of  solving  financial  problems  in  rail- 
way operation. 

Second:  The  human  equation  is  one  that  has  not  so  far  been 
considered,  although  different  authorities  have  casually  referred 
thereto,  treating  the  matter  lightly,  or  in  a  manner  favorable  to 
the  proposed  plan  which  is  delusive  in  the  extreme.  This  is  one 
of  the  most  important  features,  and  we  may  just  as  well  meet 
the  issue  squarely. 

In  the  first  place,  the  shopmen  of  American  railways  will 
never  submit  to  any  such  scheme  as  outlined  and  defined  as 
"  scientific  management,"  neither  will  mechanical  officers  accept 
it  without  protest,  and  its  introduction  would,  if  made  simul- 
taneously on  all  lines,  precipitate  an  industrial  struggle,  the  toll 
from  which  would  be  measured  in  human  lives  and  millions  of 
dollars. 

The  ratio  or  percentage  of  men  who  would  come  up  to  all 
requirements  and  retain  employment,  as  compared  to  the  number 
that  would  be  cast  aside,  either  through  failure  to  enter  or  the 
result  of  working  under  the  new  and  more  exacting  conditions, 
would  be  so  small  that  the  working  forces  could  not,  in  all  proba- 
bility, be  maintained.  But,  even  if  the  requisite  number  were 
available,  it  is  beyond  range  of  the  remotest  probabilities  to  expect 
243,347  American  mechanics  and  shopmen  to  work  under  such  a 
plan,  while  more  than  one  million  and  one-quarter  of  their  fellow- 
citizens  and  employees  were  enjoying  much  more  favorable  con- 
ditions in  the  same  line  of  endeavor,  most  conspicuous  among 
whom  would  be  the  newly  added  employees. 
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Third:  No  one  is  more  familiar  with  the  difficulties  encoun- 
tered in  railway  operations  due  to  the  attitude  of  organized  labor 
than  myself,  and  while  it  is  a  fact  that  many  railway  officers  and 
foremen  would,  if  not  hampered  by  contractual  conditions  made 
by  the  management  with  the  unions,  treat  many  of  the  men  they 
personally  know  more  liberally  than  they  do  now,  yet,  at  the  same 
time,  there  is  no  doubt  but  their  present  compensation  and  work- 
ing conditions  are  largely,  if  not  wholly,  due  to  their  organization, 
which  if  eliminated  would  probably  result  in  the  money  powers, 
or  corporate  interests  (that  are  wholly  impersonal),  reducing 
compensation  and  changing  working  conditions  when  they  are 
confronted  with  financial  difficulties,  therefore,  the  question  of 
the  application  of  scientific  management  to  the  practical  opera- 
tion of  railways  resolves  itself  into  one  of  "  making  the  best  use 
of  facilities,"  and,  in  doing  this,  the  man  best  equipped  to  handle 
men  is  without  question  the  man  most  needed  by  the  railroads  to 
increase  the  efficiency  of  their  facilities,  and  thereby  contribute 
to  the  production  of  transportation  at  the  lowest  possible  cost, 
that  the  net  income  from  operation  may,  if  possible,  be  increased. 

Fourth:  The  underlying  principles  of  '"  intelligent  human 
endeavor''  were  clearly  enunciated  by  Solomon,  King  of  Israel, 
over  two  thousand  years  ago  when  he  exhorted  the  inefficient 
and  lazy  as  follows :  "  Go  to  the  ant,  thou  sluggard :  consider  her 
ways  and  be  wise."  And  at  various  times  in  the  world's  history 
this  same  principle  has  become  conspicuous  either  in  its  applica- 
tion in  a  broad  sense,  or  its  absence. 

Kings,  queens,  statesmen,  soldiers,  sailors,  engineers,  lawyers, 
railroad  men  and  farmers  have  been  elevated  to  the  highest  pin- 
nacle of  fame  or  relegated  to  obscurity  by  adoption  or  rejection 
of  this  principle,  and  to  hold  there  is  some  new  discovery  in 
"  scientific  management "  erroneously  implies  that  lines  not 
employing  these  methods  are  unscientific,  inefficient,  or  behind  the 
times,  while  as  a  matter  of  fact  the  principles  of  efficiency  have 
been  constantly  practised  since  the  earliest  history  of  man,  and 
have  been  in  railway  operation  since  the  construction  of  the  first 
line  in  the  world,  and  there  is  no  place  in  the  civilized  world  to- 
day where  "  nature's  forces  are  applied  so  efficiently  to  the  use 
of  nian  "  in  the  production  of  railway  transportation  as  on  Ameri- 
can railways,  and  if  the  very  able  writers  on,  and  advocates  of, 
the  scientific  management  plan,  who  have  so  unsparingly  criti- 
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cised  the  present  management  of  our  railways,  would  employ 
some  of  their  time  and  energy  in  an  effort  to  bring  about  a  more 
friendly  feeling  toward  corporate  interests,  especially  railways, 
from  our  courts,  legislatures  and  the  public  in  general,  much 
more  could  be  accomplished  toward  economy  and  efficiency  in 
operation  than  by  holding  them  up  to  the  public  eye  as  examples 
of  extravagance  or  inefficiency. 

The  writer  has  received  much  valuable  information  from 
railway  officers  and  other  sources  of  recognized  authority,  for 
which  grateful  acknowledgment  is  hereby  made. 


DISCUSSION. 

Mr.  F.  H.  Clark,  General  Superintendent  Motive  Power, 
Baltimore  and  Ohio  Railroad:  Mr.  Chairman  and  Gentlemen: 
I  am  sorry  that  I  have  not  had  an  opportunity  to  read  Mr. 
Symons's  paper  and  that  I  did  not  arrive  until  after  the  reading 
of  the  paper  had  begun.  I  feel  that  under  the  circumstances  I 
am  not  very  well  prepared  to  open  the  discussion,  or  even  to 
discuss  his  paper  intelligently. 

It  seems  to  mc  that  most  writers  on  the  subject  of  "Effi- 
ciency "  overlook  or  ignore  the  fact  that  the  railroads  of  the 
country  are,  and  have  been  for  a  good  many  years,  giving  a 
good  deal  of  attention  to  this  question  of  efficiency,  not  only  in 
shop  operations,  but  in  the  matter  of  fuel  train  load  and  other 
transportation  costs.  Had  nothing  of  the  sort  been  accom- 
plished by  the  railroads  in  the  past  twenty  years,  they  would 
certainly  have  been  unable  to  meet  the  reductions  in  rates  that 
have  been  brought  about,  in  spite  of  increases  in  rates  of  pay 
and  costs  of  material  used,  and  at  the  same  time  improve  their 
service. 

I  think  it  is  quite  possible,  also,  that  these  writers  fail  to  af>- 
preciate  the  difficulty  of  effecting  important  reductions  in  the 
cost  of  railroad  operations  as  compared  with  manufacturing 
operations,  because  of  the  fact  that  the  former  are  widely 
scattered  and  a  great  deal  of  money  in  the  aggregate  is  spent  at 
points  where  facilities  are  necessarily  poor  and  where  it  would 
not  be  economically  possible  to  provide  facilities  for  doing  the 
work  at  as  low  a  cost  as  it  could  and  should  be  done  at  larger 
points  where  more  work  is  done. 
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Mr.  Symons's  paper  refers  principally  to  shop  operations 
and  the  possibility  of  effecting  further  economies  in  that  direc- 
tion. He  has  pointed  out  the  fact  that  in  a  good  many  in- 
stances it  seems  impossible  to  bring  about  further  economies. 
The  subject  had  the  careful  consideration  of  the  railroad  com- 
panies, and  as  conditions  change  and  new  and  improved  methods 
are  devised  the  railroads  are  generally  ready  to  adopt  them. 

Mr.  S.  M.  Vauclain,  Vice-President,  Baldwin  Locomotive 
Works :  It  has  been  some  time  since  I  was  engaged  in  active 
railroad  work,  but  I  am  still  engaged  in  building  locomotives 
for  those  who  are  proficient  in  railroad  management,  wherewith 
to  carry  on  their  business. 

The  term  "  Scientific  Management  "  is,  to  my  mind,  just 
what  Mr.  Symons  has  described  it — somewhat  of  a  misnomer. 
It  might  be  called  "  economical "  management  with  greater 
accuracy,  because  economical  management  has  been  in  existence 
ever  since  I  was  a  boy,  and  probably  before  that.  We  have  read 
a  great  deal  in  the  newspapers  lately  as  to  how  managers  should 
manage  their  property  to  derive  economy,  telling  us  just  how  to 
do  it  and  how  many  millions  of  dollars  could  be  saved  by  doing 
it  just  that  way.  Now,  I  do  not  know  of  any  persons  more 
anxious  to  save  those  millions  than  are  the  railroad  managers 
themselves. 

The  first  economical  railroad  management  I  was  interested 
in  was  in  1875.  The  master  mechanic  of  one  of  our  large  rail- 
road systems  happened  to  have  been  an  inspector  of  locomotives 
at  the  Baldwin  Locomotive  Works,  and  when  he  returned  home 
immediately  set  the  wheels  in  motion  and  turned  his  attention  to 
study  efficiency  and  economy  in  the  repair  of  our  locomotives,  and 
the  same  institution  established  at  that  time  has  been  continued 
and  perfected,  and  I  doubt  if  to-day  any  other  railroad  in  the 
United  States  has  a  more  perfect  system  of  handling  its  locomo- 
tives than  has  this  same  railroad.  If  this  is  true — and  being- 
familiar  with  it  f'-om  the  time  it  was  started  I  know  it  to  be 
true — it  proves  tnat  there  has  been,  and  still  is,  some  economic 
management  by  railroad  officials. 

When  Mr.  Symons  calls  attention  to  the  scientific  manage- 
ment now  in  force  on  the  Santa  Fe  Railroad,  and  of  which  much 
has  been  said  pro  and  con — it  having  been  the  only  road  so  far 
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that  has  striven  by  such  methods  to  reduce  their  costs — we  must 
consider  that  many  of  their  shops  are  located  where  it  is  difficult 
to  obtain  men,  and  that  the  cost  of  doing  their  work  is  not  only 
influenced  by  material  and  prices,  but  by  the  enormous  size  to 
which  their  locomotives  has  increased.  The  size  of  the  loco- 
motives on  the  Santa  Fe  Road  in  19  lo  was  between  50  and  75 
per  cent,  greater  than  it  was  in  1900,  if  locomotives  are  to  be 
measured  by  their  tractive  power.  Therefore,  what  is  true  of 
that  road  will  also  be  true  of  other  roads,  and  it  would  take  a 
long  time  to  analyze  the  figures  and  make  a  thorough  study  of 
them  as  presented  in  these  tables.  Mr.  Symons  has  no  doubt 
made  a  thorough  study  of  them,  and  so  is  not  to  be  thought 
guilty  of  eliminating  facts  before  this  meeting,  for  he  certainly 
will  have  to  stand  for  them  hereafter.  But  I  call  your  attention 
to  the  fact  that  locomotives  have  increased  greatly  in  size  during 
the  last  decade,  and  the  possibility  is  that  they  will  increase 
still  more,  and  the  probability  is  that  railroad  managements  will 
continue  to  be  called  down  because  their  expenses  are  increasing 
per  engine  mile.  Also,  each  locomotive  is  being  worked  up 
to  a  greater  efficiency,  or  rather  to  a  greater  percentage  of  its 
maximum  efficiency,  by  the  railroads.  All  the  devices  of  their 
mechanical  engineers,  all  the  devices,  they  can  secure,  are  being 
tried  in  order  to  promote  the  efficiency  of  the  locomotive,  and  in 
addition  on  many  railroads  large  expenses  are  being  incurred 
in  modifying  and  altering  the  type  of  locomotives,  all  of  which, 
or  much  of  which,  may  be  charged  to  their  maintenance  cost. 

Another  item  is  the  question  of  speed.  The  feeling  is  that 
we  all  must  go  faster.  Ten  years  ago  none  of  us  would  have 
thought  of  flying,  but  the  idea  of  our  getting  up  in  the  morning 
now  without  giving  a  thought  to  the  flying-machine  is  ridiculous ; 
everybody  does  so,  and  we  believe  that  these  things  are  going  to 
be  instruments  of  common  use.  The  flying-machine  to-day  is 
one  of  the  most  discussed  things  of  modern  times;  anything  with 
an  element  of  danger  in  it  is  sure  to  draw  a  crowd.  We  must 
now  run  our  freight  through  from  the  West  to  Philadelphia  or 
to  the  seaboard  in  a  specified  number  of  hours,  otherwise  our 
freight  is  passed  over  to  another  road  that  will  maintain  its 
power  to  such  a  point  as  will  enable  it  to  give  satisfactory  service 
under  guaranteed  conditions. 

Having  been  an  employer  of  labor  all  my  life,  I  naturally 
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feel  that  every  employer  should  start  out  to  save  money;  most 
employers  save  it  from  the  wages  paid  their  men.  Materials 
bought  in  the  market  are  standard,  and  if  we  economize  we  must 
do  so  in  our  labor  by  the  scientific  handling  of  that  labor.  If  all 
laboring  men  were  precisely  the  same,  a  system  could  probably 
be  established  by  which  we  might  handle  all  our  workmen  like 
so  many  machines,  but  they  are  not  all  precisely  the  same.  Go 
into  a  stocking  factory  and  you  will  find,  say,  twenty-five 
machines  operated  by  one  woman,  all  attending  to  business  and 
producing  with  a  maximum  efficiency.  In  a  machine  shop,  how- 
ever, your  human  machines  are  not  all  of  maximum  efficiency; 
they  are  of  variable  efficiency,  and  you  cannot  change  it.  You 
cannot  weed  out  and  give  your  competitor  all  the  poor  ones,  be- 
cause he  very  wisely  won't  have  them.  You  must  be  content 
with  a  proportion  of  the  good  and  of  the  bad  and  of  the  indiffer- 
ent. There  is  nothing  so  plentiful  as  poor  labor,  and  that  you 
do  not  want  at  all.  If  you  want  to  save  money  from  labor  on  a 
railroad  you  cannot  save  it  by  reducing  the  President's  salary; 
you  cannot  save  it  from  the  clerks;  you  cannot  save  it  from  the 
roadmen,  as  they  are  mostly  protected  by  unions :  you  have  to 
save  it  in  the  shops.  I  do  not  care  what  business  you  are  in, 
you  must  save  it  from  the  labor  in  your  workshops.  No  one 
ever  thinks  he  is  paying  too  much  for  his  materials,  as  prices 
are  fixed ;  therefore  you  must  save  it  out  of  your  labor.  Now,  if 
my  memory  is  correct,  there  are  some  310,000  shopmen  in  rail- 
way shops  throughout  the  country,  and  if  we  are  going  to  save 
a  million  dollars  daily  from  these  310,000  shopmen  we  would 
have  to  save  about  $3.30  a  day  from  each  one,  which  would 
exceed  their  average  daily  wage. 

I  did  not  expect  to  be  called  upon  to  speak  this  evening,  but 
I  happen  to  have  with  me  a  little  memorandum  that  I  carry  around 
for  my  own  protection,  because  when  every  one  is  attacking 
you  for  efficiency  and  efficient  management,  or  inefficient  manage- 
ment, it  is  very  interesting  to  be  able  to  go  back  twenty  or  thirty 
years — depending  upon  your  own  age,  of  course,  for  your  ability 
to  do  so — and  compare  notes.  It  is  more  important  that  a  man 
earn  a  thousand  dollars  a  year  than  it  is  that  he  gets  forty  cents 
an  hour  for  his  day's  work  and  only  works  two-thirds  of  the 
days  in  the  year.  He  must  have  a  living  wage,  and  in  order  to 
do  that  he  must  have  a  rate  of  pay  per  hour  or  must  have  the 
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privilege  of  working  a  sufficient  number  of  hours  per  day  to 
insure  him  a  living  rate  of  wage  per  week  upon  which  he  can 
support  his  family.  Suppose  we  go  back  to  a  low  efficiency 
working  standard  such  as  we  have  had  for  a  good  many  years 
and  compare  the  pay  of  our  workmen;  for  instance,  in  1873  we 
had  no  electricity,  no  labor-saving  devices,  etc.  In  1885  the 
Baldwin  Locomotive  Works  had  less  than  500  horse-power  in 
the  entire  works ;  it  now  takes  20,000  horse-power  to  run  it.  In 
1873  the  wages  averaged  $13.73  P^^  week;  in  1905  they  were 
$13.93,  after  which  there  was  a  general  reduction  of  10  per  cent, 
in  all  labor  throughout  the  country,  but  in  1905  we  ran  $13.53 
a  week.  In  1906  business  was  off  a  little  and  the  men  averaged 
$13.18  a  week,  including  all  holidays  taken  out,  etc.  In  1907 
it  was  $13.37  a  week,  and  in  1910  it  averaged  $13.41  a  week. 
For  the  first  nine  months  of  last  year  it  averaged  $13.71  a 
week.  To  accomplish  this  we  have  spent  during  the  last  few 
years  about  four  millions  of  dollars  to  increase  our  facilities,  not 
by  employing  a  thousand  clerks  to  hold  a  stop-watch  over  every 
man  in  the  place  to  see  that  he  did  not  waste  a  minute,  but  in 
carefully  providing  these  men,  whose  power  is  artificial  ability, 
with  suitable  tools  and  lavor-saving  devices  for  handling  their 
work,  and  sufficient  power  to  get  the  full  capacity  out  of  their 
machines,  and  when  we  had  done  this  we  gave  each  man  a  special 
notice  that  no  man  would  be  discharged  for  breaking  his  machine, 
and  there  would  be  no  reduction  in  his  pay.  Our  men  during  the 
last  five  weeks  of  this  system  averaged  $14.14,  the  next  week 
$14.12,  the  next  $14.16,  the  next  $14.20,  and  the  next  week 
$14.21,  or  a  maximum  variation  from  the  minimum  to  the 
maximum  average  weekly  rate  of  pay  of  only  nine  cents  a  week. 
This  is  in  a  shop,  gentlemen,  that  is  employing  14,000  men  and 
whose  wages  are  paid  to  them  every  week.  The  men  are  work- 
ing faithfully.  We  have  just  gone  through  a  little  labor  experi- 
ence; the  last  trouble  we  had  was  in  1859.  Most  of  the  men 
who  disagreed  with  us  were  led  astray  by  labor  agitators.  We 
have  eradicated  the  idea  that  was  being  grafted  on  these  men 
as  to  how  a  shop  should  be  managed,  but  the  average  rate  of 
pay  of  the  men  in  the  shop  now  varies  but  a  few  cents,  and  the 
same  men  now  earn  an  average  of  twenty-five  cents  a  week  higher, 
showing  that  by  their  present  system  of  employment  they  are 
able  to  produce  better  results  and  earn  higher  wages.  This  rate 
of  pay  may  seem  low,  but  this  rate  of  pay  is  high,  because  if 
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you  will  look  up  statistics  you  will  find  the  average  pay  of  the 
American  mechanic  is  only  about  $600  a  year.  But  the  Ameri- 
can workman  is  not  employed  all  the  time ;  his  employer  unwisely 
sacks  him  upon  the  least  provocation  in  order  to  save  his  wages. 
These  averages  I  have  given  you,  gentlemen,  cover  men  who 
earji  from  five  cents  an  hour  as  first-year  apprentices  to  men 
who  have  applied  to  their  occupations  the  highest  principles  of 
economic  management  and  who  have  earned  as  high  as  60  cents 
an  hour.  Being  now  a  manufacturer,  it  is  impossible  for  me  to 
discuss  this  paper  further  from  the  railroad  man's  standpoint. 
1  believe  in  scientific  management  and  in  economic  management, 
but  I  do  not  believe  in  an  espionage  over  human  beings  that 
grinds  them  down  and  makes  them  feel  that  they  are  owned 
body  and  soul  by  the  men  who  control  them. 

G.  R.  Henderson,  Mechanical  Engineer,  Baldwin  Locomo- 
tive Works :  There  is  little  to  add  to  what  has  already  been  said, 
as  my  thoughts  have  largely  been  anticipated  by  the  previous 
speakers.  I  think  that  the  railroads  of  this  country  are  greatly 
indebted  to  Mr.  Symons  for  taking  up  this  subject,  as  I  believe 
that  it  is  the  first  time  that  the  challenge  has  been  accepted,  which 
was  the  slogan  of  the  anti-rate  increase  movement :  "  Save  a  mil- 
lion dollars  a  day  by  Scientific  Management  and  you  won't  have 
to  raise  rates."  The  statement  has  gone  so  long  uncontradicted 
that  many  people  were  beginning  to  believe  that  it  must  be  true, 
and  that  careless  and  unscientific  railroad  management  and  opera- 
tion were  the  order  of  the  day ;  and  it  must  be  a  source  of  satis- 
faction to  them  to  have  the  other  side  presented  and  upheld. 

From  the  manner  in  which  this  subject  has  been  treated  by 
efficiency  engineers  in  times  past,  the  natural  impulse  is  to  think 
of  unloading  pig-iron  and  repairing  belts  immediately  the  term 
"  Scientific  Management  "  is  mentioned.  It  seems  odd  that  when 
speaking  of  large  accomplishments  the  enthusiast  always  begins 
with  these  insignificant  illustrations,  which  at  once  rather  convey 
the  impression  that  there  may  have  been  a  "  Save  at  the  spigot 
and  leak  at  the  bung  "  economy.  Of  course,  the  best  results  are 
obtained  in  all  lines  when  they  are  scientifically  and  carefully 
followed  up,  but  practical  methods  are  equally  important,  and  if 
these  be  lost  sight  of  in  an  over-exaltation  of  the  former  the 
results  are  apt  to  be  delusive  and  transient. 
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Coke  Production  in  the  United  States.  G.  W.  Parker. 
(Mineral  Resources,  1910.) — The  amount  of  coke  produced  in  the 
United  States  in  1910  was  41,708,810  short  tons,  valued  at  $99,- 
742,701,  compared  with  39,315,065  tons  valued  at  $89,965,483,  in 
1909.  The  quantity  of  coal  used  for  coking  in  1910  was  63,088,- 
327  short  tons.  There  were  578  coking  establishments  in  exist- 
ence at  the  end  of  19 10,  representing  104,440  ovens.  Nine  estab- 
lishments, representing  894  ovens,  were  abandoned  or  dismantled, 
and  100  establishments  were  idle  during  191  o.  As  to  by-product 
ovens,  4,078  were  completed  and  1,200  were  building  in  1910. 
Their  production  amounted  to  7,138,734  short  tons  of  coke,  an  in- 
crease of  884,090  short  tons  over  1909.  Of  the  completed  ovens, 
1,387  were  of  the  Semet-Solvay  type,  2,104  United  Otto,  307  Roth- 
berg,  280  Koppers,  and  300  Didier  ovens. 

Briquetting  Tests  of  Lignite  at  Pittsburgh.     C.  L.  Wright. 

{Bureau  of  Mines  Bull,  xiv,  7.) — These  briquetting  tests  were 
undertaken  at  the  fuel  testing  plant  at  Pittsburgh  to  settle  the 
following  points:  (i)  The  possibility  of  briquetting  American  lig- 
nites without  the  addition  of  binders;  (2)  the  suitability  of  the 
German  brown  coal  briquette  presses  for  briquetting  American  lig- 
nites; (3)  the  percentage  of  moisture  needed  in  the  briquette 
material  to  give  the  best  briquettes;  (4)  the  approximate  com- 
mercial cost  of  briquetting  lignites;  (5)  the  weathering  qualities 
of  briquettes  as  compared  with  raw  lignites.  Furthermore,  the 
tests  were  to  provide  a  supply  of  lignite  briquettes  from  which  to 
determine  their  value  as  (a)  steam  fuel  under  boilers,  (&)  gas 
producer  fuel,  and  (c)  domestic  fuel.  The  results,  while  not  con- 
clusive, warrant  a  continuation  of  the  investigations.  Enough  has 
been  done  to  indicate  that  some  American  lignites  equal  German 
lignites  in  fuel  value,  and  that  probably  they  can  be  made  into 
briquettes  commercially  without  a  binder.  A  sample  from  Texas, 
one  from  North  Dakota,  and  one  from  California  were  made  into 
satisfactory  briquettes  without  a  binder.  It  was  proved  that  some 
lignites,  after  being  slacked  by  exposure,  could  be  made  into 
briquettes  without  using  any  binder,  notwithstanding  a  general 
opinion  that  this  could  not  be  done.  Cohesion  and  weathering 
tests  showed  that  good  briquettes  endured  handling  and  resisted 
weathering  much  better  than  the  lignite  from  which  they  were 
produced. 

Disintegration  of  Nickel  and  Aluminum  Alloy.  Anon.  (Brass 
World,  vii,  10,  348.) — An  alloy  of  equal  parts  of  nickel  and 
aluminum  will  disintegrate  spontaneously.  An  ingot  of  this  alloy 
disintegrates  to  a  powder  in  a  few  months,  simply  exposed  to  air. 
This  disintegration  is  not  due  to  oxidation,  for  the  powder  has  the 
same  chemical  composition  as  the  ingot. 


POYNTING'S    THEOREM    AND    THE    EQUATIONS    OF 
ELECTROMAGNETIC  ACTION. 


W.  S.  FRANKLIN, 

Professor  of  Physics,  Lehigh  University. 

The  mathematical  theory  of  the  electromagnetic  field  is 
usually  developed  in  terms  of  electric  and  magnetic  intensities 
in  space,  and  the  equations  are  almost  unintelligible  to  the  elec- 
trical engineer,  who  is  in  the  habit  of  expressing  everything  in 
terms  of  voltage  and  current.  Everyone  who  understands 
electromagnetic  theory,  however,  knows  that  voltage  is  a  gen- 
eralized parameter  which  completely  represents  the  electric  field 
distribution,  and  that  current  is  a  generalized  parameter  which 
completely  represents  the  magnetic  field  distribution  when  the 
form  of  the  circuit  is  given.  Therefore  it  is  possible,  for  any 
given  shape  of  circuit,  so  to  transform  ^  the  electromagnetic 
equations  that  voltage  and  current  may  replace  electric  and  mag- 
netic field  intensities.  When  this  is  done  the  unfamiliar  electro- 
magnetic equations  reduce  to  the  extremely  simple  and  uni- 
versally familiar  voltage  and  current  equations  of  the  electrical 
engineer.  It  is  the  object  of  this  paper  to  reduce  the  usual  ex- 
pression of  Poynting's  Theorem  and  the  usual  equations  of 
electromagnetic  wave  motion  to  familiar  expressions  involving 
voltage  and  current.  This  reduction  is  rather  difficult  if  car- 
ried out  strictly  and  in  detail,  and  therefore  a  general  statement 
of  the  nature  of  the  transformations  is  given  instead  of  the 
algebraic  transformations   themselves. 

poynting's  theorem. 

The  rate  at  zvhich  energy  streams  past  a  point  on  a  transmis- 
sion line  is  equal  to  EI,  where  E  is  the  voltage  across  the  line  at 
the  point  and  I  is  the  line  current  at  the  point  (outgoing  current 
in  one  wire  and  returning  current  in  the  other  wire). 

^  It  is  always  easiest  to  think  of  an  algebraic  transformation  as  a  new 
type    of    space    measurement,    as    explained   below. 
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To  say  that  this  is  Poynting's  Theorem  is  more  or  less 
ridiculous,  because  this  relation  was  known  before  Poynting's 
Theorem  was  ever  thought  of,  but  it  is  Poynting's  Theorem  all 
the  same,  as  can  be  shown  most  easily  in  the  case  of  a  "  trans- 
mission line  "  which  consists  of  two  broad,  flat  parallel  metal 
ribbons.  In  this  case  the  electric  field  is  uniform,  as  represented 
by  the  fine  vertical  lines  in  Fig.  i,  and  the  magnetic  field  is  uni- 
form (the  dots  in  Fig.  i  represent  an  end  view  of  the  lines  of 
force  of  the  magnetic  field).  Let  E  be  the  voltage  between  the 
ribbons,  then  E/d  is  the  intensity  of  the  electric  field,  where  d  is 
the  distance  of  the  ribbons  apart.  Let  /  be  the  current,  then 
4  t:  I/zv  is  the  intensity  of  the  magnetic  field.^  The  total 
energy  stream  is  EI  ergs  per  second  from  left  to  right,  or  El/wd 


Fig.   I. 
current  I 


current  I 


■^ 
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ergs  per  second  per  square  centimetre.  Substituting  electric 
field  intensity  /  =  E/d  and  magnetic  field  intensity  H  =  47: 
I/zv,  the  expression  for  the  energy  stream  in  ergs  per  second 

per  square  centimetre  becomes  .  f  H,  which  is  the  usual 

4  J^  ^ 
form  in  which  Poynting's  Theorem  is  expressed. 

The  following  is  a  general  statement  of  the  transformation 
which  would  be  necessary  to  reduce  the  usual  expression  for 
Poynting's  Theorem  to  the  familiar  form  involving  voltage  and 
current  for  the  case  of  a  transmission  line  consisting  of  two 
parallel  cylindrical  wires. 

The  two  sets  of  curved  lines  c  e  e  and  m  m  m,  Fig.  2,  repre- 
sent electric  equipotential  surfaces  and  magnetic  equipotential 
surfaces  in  the  region  surrounding  two  parallel  cylindrical  wires 
with  a  certain  voltage  between  the  wires  and  a  certain  current 


'  C.g.s.  electromagnetic  units  are  used  throughout. 
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flowing  in  them  in  opposite  directions.  Imagine  measurements 
in  space  to  be  so  altered  that  the  distance  between  equipotential 
surfaces  is  everywhere  considered  unity.  Then  the  electric 
potential  at  any  point  is  proportional  to  the  distance  (so  meas- 
ured) of  the  point  from  the  surface  of  the  wire  A,  and  the  mag- 
netic potential  at  any  point  is  proportional' to  the  distance  (so 
measured)  of  the  point  from,  say,  the  plane  through  A  and  B. 
But   when  potentials  are  proportional   to    measured    distances, 

Fig.  2. 


potential  gradients  are  uniform;  and  therefore  Fig.  2  represents 
in  ordinary  space  what  would  be  a  uniform  field  distribution  like 
Fig.  3  in  space  as  above  measured. 

Let  E  be  the  voltage  between  the  wires  in  Fig.  2,  and  let  / 
be  the  current  in  the  wires  {4  tt  /  is  the  magnetic  potential- 
drop  along  any  cur\'e  encircling  one  of  the  wires).  Also  let  d 
be  the  distance  between  the  wires  measured  as  above  explained, 
and  let  w  be  the  length  of  any  one  of  the  curves  ^  ^  ^  in  Fig.  2 
(they  are  all  of  the  same  length  when  measured  as  above  ex- 
plained). Then  E/d  is  the  electric  field  intensity  everywhere, 
and  4    n    l/w  is  the  magnetic  field  intensity  everywhere.     The 
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total  energy  stream  is  EI,  the  entire  sectional  area  of  the  energy- 
stream  is  dw,  and  the  ergs  per  second  per  unit  sectional  area 

is  Yl/dw,  and  this  is  equal  to  — .  /  H,  exactly  as  in  the  above 

4  TZ 

argument  as  applied  to  two  broad,  flat  parallel  ribbons. 

The  alteration  o'f  space  measurement  which  makes  Fig.  2 
appear  like  Fig.  3  is  the  exact  geometrical  equivalent  of  the  alge- 
braic transformation  which  reduces  the  equations  of  the  electric 
and  magnetic  fields  around  two  parallel  wires  to  the  forms  which 
express  the  electric  and  magnetic  fields  between  two  broad,  flat 
metal  ribbons.     One  who  appreciates  the  significance  of  such 

Fig.  3. 
infinite  plane  j^ 
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infinite  plane 


transformations  as  this,  all  electromagnetic  field  distributions 
look  alike  to  him!  everything  is  straight  and  square  and  uni- 
form, it  is  no  longer  necessary  to  talk  abo;it  anything  but  sim- 
plest cases,  and  the  familiar  equation  of  the  electrical  engineer, 
namely,  voltage  X  current  equals  delivered  power,  is  all  there 
is  left  to  Poynting's  Theorem. 


EQUATIONS  OF  ELECTROMAGNETIC  ACTION. 

The  general  equations  of  the  electromagnetic  field  ^  are  tre- 
mendously simplified  by  considering  the  case  of  a  transmission 
line  and  using  the  generalized  parameters  E  and  /;  and  the 

*  The  familiar  equations  of  the  electromagnetic  field  expressing  time 
rates  in  terms  of  curl — for  the  simplest  case,  of  course — are  discussed  on 
pages  60,  61,   and  62  and   in    Chapter  VI   of   Franklin's   "  Electric  Waves." 
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integrals  of  these  equations  (the  equations  of  the  electromag- 
netic wave)  assume  a  form,  which  for  simplicity  are  equal  to  the 
formula  for  Ohm's  Law. 

The  general  equations  are: 

^  dE    dl  ,   . 

and 

.     dl  dE  ,   V 

^•'dr^--d^  (^) 

where  C  is  the  capacity  of  the  line  per  unit  of  length  (the  gen- 
eralized ^  inductivity  of  tlie  medium  between  the  wires),  and  L 
is  the  inductance  of  the  line  per  unit  length  (the  generalized 
permeability  of  the  medium  between  the  wires).  These  two 
equations  are  easily  derived  by  considering  an  element  of  the 
transmission  line.  The  current  which  enters  the  element  is 
greater  than  the  current  which  flows  out  of  the  element  by  the 

amount     -y-  •  A  :r,    and  this  is  equal  to  the  rate  at  which  charge 

=  C  •  ^x  X  -J-  )• 

The  voltage  across  one  end  of  the  element  exceeds  the  voltage 

dE 
across  the  other  end  by  the  amount  -3-  •  Ax,     and  this  difference 

is  the  net  voltage  which  is  causing  the  current  in  the  element  to 
decrease  (=L-A^X-j7). 

The  general  integral  of  equations  (i)  and  (2)  involves  un- 
determined functions  of  {x  ±  Vt),  where  V  =      \l-rr     '  ^^^ 

the  simplest  form  of  this  integral  may  be  established  by  imagin- 
ing a  current  distribution  over  the  line  which  travels  at  velocity 
V,  and  a  voltage  distribution  which  travels  at  velocity  V,  be- 
cause the  idea  of  travel  is  precisely  equivalent  to  the  use  of  the 
double  variable  {x  ±  Vt),  as  is  well  understood  by  everyone 
familiar  with  the  equations  of  wave  motion. 

*It  is  assumed  that  the  reader  is  familiar  with  the  idea  of  generalized 
co-ordinates.  If  he  is  not,  he  cannot  hope  to  understand  much  about  voltage, 
current,    capacity,    and    inductance. 
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Imagine  a  current  distribution  over  a  transmission  line  the 
value  of  the  current  at  a  given  point  being  /.  The  magnetic 
flux  between  the  wires  of  unit  length  of  the  line  is  LI.  If  the 
distribution  is  travelling  at  velocity  V,  then  the  flux  LI  moves 
unit  distance  forwards  in  i/V  second,  the  rate  at  which  this  flux 
sweeps  across  a  line  drawn  from  wire  to  wire  is  LI  -^  ^/V ,  and 
this  is  therefore  the  voltage  E  which  must  exist  at  the  given 
point  of  the  line  so  that 

E=LIV  (3) 

Imagine  a  voltage  distribution  over  the  transmission  line, 
the  value  of  the  voltage  at  a  given  point  being  R.  The  charge 
on  unit  length  of  one  of  the  wires  is  CE.  If  the  voltage  distri- 
bution is  travelling  at  velocity  V ,  then  the  charge  CE  moves 
forwards  into  the  next  unit  length  of  the  line  in  i/V  of  a  second, 
and  therefore  the  current  in  the  wire  is  equal  to  CE-^  i/V . 
Therefore  the  current  which  must  exist  at  the  given  point  of 
the  line  on  account  of  the  moving  voltage  distribution  is 

I=CEV  (4) 

Now  if  the  /in  (4)  which  is  due  to  the  moving  voltage  dis- 
tribution is  the  same  /  that  produces  the  voltage  distribution 
according  to  equation  (3),  and  if  the  E  which  is  produced  by 
the  moving  /  in  equation  (3)  is  the  same  E  that  produces  the  I 
according  to  equation  (4),  that  is  if  E  and  /  in  (3)  and  (4) 
mutually  sustain  each  other,  as  it  were,  then  (3)  and  (4)  are 
simultaneous  equations,  and  by  combining  them  we  find 

and  \Lr=-\CE'  (6) 

Now  an  unchanging  distribution  of  E  and  I  travelling  along 
a  line  as  here  described  constitutes  a  distortionless  wave  or  a 
pure  wave.  Equation  (5)  gives  the  velocity  of  such  a  wave, 
and  equation  (6)  shows  that  the  electric  energy  in  such  a  wave 
is  always  and  everywhere  equal  to  the  magnetic  energy. 


THE  OBSTACLES  TO  THE  PROGRESS  OF 
METEOROLOGY.! 

BY 

PROFESSOR  CLEVELAND  ABBE, 

United  States  Weather  Bureau,  Washington,  D.  C. 

Let  not  this  title  produce  an  unfortunate  impression.  I 
am  not  a  pessimist.  I  see  the  great  work  that  meteorologists 
still  have  before  them  and  that  their  motto  must  be  that  of  every 
student:  "Nil  desperandiim.  Labor  omnia  rincit."  Man  must 
never  despair. 

We  have  all  been  so  long  accustomed  to  fairly  accurate  and 
very  useful  daily  weather  forecasts  that  we  begin  to  look  for 
perfection  in  long-range  predictions.  Let  us  be  optimistic  and 
believe  that  eventually  these  will  come. 

In  addressing  you  many  years  ago  I  told  you  of  the  good 
work  done  by  your  own  Franklin  and  Espy,  and  I  spoke  cau- 
tiously, but  hopefully,  of  the  future  progress  of  our  knowledge 
of  the  weather  and  of  the  atmosphere.  In  those  days  of  small 
beginnings  I  assured  those  who  wished  for  perfect  long-range 
predictions  that  not  only  were  they  impossible  at  that  time,  but 
that  mankind  was  not  yet  ready  for  them;  they  would  do  more 
harm  than  good,  they  would  frighten  more  than  they  would  help. 
But  when  the  world  is  ready  for  them  and  able  to  profit  by  the 
truth,  the  whole  truth,  and  nothing  but  the  truth,  then  men  will 
be  found  able  to  make  forecasts  as  accurate  as  any  one  ma}' 
desire. 

All  this  is  still  true.  In  those  days  we  dared  only  to  speak 
of  probabilities — now  we  say  forecasts — but  we  are  not  yet 
justified  in  making  predictions  as  to  precise  details  of  future 
local  weather,  such  as  the  astronomer  makes  relative  to  the  stars. 
or  the  electrician  or  the  engineer  makes  as  to  the  behavior  of 
his  machinery. 

Why  is  it  that  our  progress  has  been  so  slow  ?  We  have  not 
been  idle.     Other  nations  have  not  done  better  or  sfone  ahead 
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of  us.  The  trouble  lies  largely  in  the  inherent  difficulty  of  our 
problems  and  the  comparative  complexity  of  our  atmospheric 
conditions.  It  is  a  common  saying  that  the  more  we  study  the 
atmosphere  the  more  complex  it  seems;  perhaps  it  is  not  yet 
clearly  apprehended  in  its  entirety.  Just  as  a  young  student  of 
medicine  takes  to  pieces  an  ideal  mannikin  and  is  astounded  to 
realize  the  very  complex  structure  and  still  more  complex 
physiology  of  the  human  body,  so  is  the  meteorologist  amazed 
as  the  difficulties  of  the  problem  before  him  open  up  in  his  daily 
work.  In  1846,  Loomis,  Redfield,  Espy,  and  Bache  assured 
Professor  Henry  that  the  time  was  at  hand  for  the  possible 
prediction  of  our  storms  with  the  help  of  the  Morse  telegraph. 
In  1854  he  began  this  work  at  the  Smithsonian  Institution,  and 
in  1868  I  took  it  up  anew  at  Cincinnati,  but  we  never  promised 
perfect  work  immediately,  nor  indeed  within  a  lifetime.  Filled 
with  faith  in  nature  and  man,  we  could  only  begin  the  work. 
We  knew  that  the  perfect  fruition  of  our  labors  must  be  left  to 
future  generations  and  future  centuries.  You  yourselves  may 
not  see  it  all  in  your  day,  but  it  will  surely  come  tO'  us — as  it 
has  come  to  astronomy,  optics,  chemistry,  and  many  other 
branches  of  knowledge.  A  work  has  been  begun  that  the  world 
will  not  willingly  let  die. 

During  past  centuries  students  have  given  great  attention  to 
climatology,  the  average  pressure,  temperature,  and  rain,  the 
average  winds,  and  even  the  climatic  diseases  that  affect  the 
life  and  health  of  animals  and  plants.  These  matters  form  the 
special  features  of  each  locality.  If  the  average  temperature 
should  vary  from  century  to  century  we  might  recognize  a  steady 
cooling  or  a  periodic  variation,  and  we  would  feel  justified  in 
making  a  corresponding  forecast  for  the  century  to  come.  But 
in  fact  no  such  periodic  variations  have  as  yet  been  satisfactorily 
demonstrated.  There  are  indeed  thought  to  be  a  so-called  eleven- 
year  period  corresponding  to  sun  spots,  and  a  longer  period  in 
temperature,  called  Bruckner's  period  of  thirty-five  years — but 
the  variations  in  temperature  during  these  periods  are  too  slight 
and  as  yet  too  uncertain  to  neutralize  my  previous  statement. 
Why  can  we  not  definitely  establish  the  existence  of  such  periods 
in  our  local  climates?  Why?  Possibly  they  do  not  exist;  but 
even  if  they  do  exist,  they  are  so  completely  covered  up  by  the 
defects   of   our   own    observations   and    records   that    it   would 
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require  many  thousands  of  such  records  as  we  have  to  assure 
us  that  their  inherent  uncertainties  counterbalance  each  other, 
and  that  a  computed  period  exists  in  nature  and  is  not  a  mere 
appearance  due  to  our  fumbhng  with  figures. 

In  general,  throughout  the  world,  observations  have  been  at 
fault  because  instruments  have  been  faulty,  or  exposures  have 
been  changed  by  the  growth  and  disappearance  of  buildings  and 
trees.  Change  after  change  prevails  in  all  human  matters,  and 
such  changes  affect  the  work  of  the  climatologist.  It  is  hard  to 
detect  minute  periods  when  the  records  at  any  one  spot  are 
usually  kept  up  for  only  a  few  consecutive  years  and  then  a 
new  observer,  at  a  new  nearby  location,  with  new  apparatus, 
and  possibly  with  new  hours  and  new  methods,  takes  up  the 
work. 

Illustration  ( i ) .  We  have  a  long  record  of  temperature  and 
weather  in  this  very  city  at  the  Pennsylvania  Hospital.  From  the 
annual  means  of  this  record  we  may  deduce  several  interesting 
coincidences  and  relations,  correspondences  and  periodicities  dur- 
ing past  years,  but  every  attempt  at  accurate  forecasts  of  tem- 
perature, either  daily,  monthly  or  annual,  based  on  these  simple 
statistics  turns  ooit  to  be  elusive — and  this  is  true  in  all  other 
cases  that  I  know  of.  The  errors  of  apparatus  and  changes 
of  exposure  combining  with  the  irregularities  of  temperature 
are  larger  than  the  forecasted  changes  and  the  latter  turn  out 
to  be  unsatisfactory. 

Illustration  (2).  About  1820  the  German  meteorologist  H. 
W.  Brandes  excited  a  new  interest  in  forecasting  by  compiling 
a  few  daily  maps  of  the  meteorological  conditions  throughout 
Europe.  His  work  was  equivalent  tO'  showing  that  large  areas 
of  land  must  be  considered  in  all  meteorological  studies;  this  is 
the  principle  now  adopted  in  all  modern  forecasting. 

Illustration  (3).  Thus  when  the  question  of  the  possibility 
of  changes  on  the  earth  corresponding  to  spots  on  the  sun,  was 
discussed  by  Koeppen  in  1881  he  compiled  his  data  for  the  whole 
world,  especially  the  northern  hemisphere,  and  for  all  the  years 
of  accurate  record  since  1640  and  even  then  Koeppen  found  no 
relation  except  one.  The  elusive  nature  of  even  this  one  has 
been  demonstrated  by  Schuster,  who  shows  it  would  require  far 
more  and  far  better  material  than  Koeppen  had  to  establish  any 
sun  spot  influence.     Prof.  Simon  Newcomb's  work  on  this  sub- 
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ject  seemed  to  show  that  the  influence  of  the  sun's  spots,  or 
his  general  spottiness,  on  the  temperature  of  the  earth  is  in- 
significant; and  yet  there  can  be  no  doubt  but  that  there  is  a 
general  suspicion  or  belief  that  the  solar  spots  have  some  relation, 
direct  or  indirect,  to  all  terrestrial  phenomena. 

Illustration  (4).  As  with  the  sun  spot  periods  so  also  with 
lunar  periods.  If  the  sun  or  moon  produces  any  direct  periodic 
influence  on  the  climate  of  any  part  of  the  earth,  or  on  the  earth 
as  a  whole,  these  periodical  influences  seem  insignificant  and  it 
is  quite  impossible  for  us  to  recognize  them  in  the  presence  of 
other  disturbances  which  introduce  all  sorts  of  larger  irregu- 
larities and  perhaps  temporary  periods  in  the  local  observations. 
We  are  safe  in  saying  that  long  range  forecasts  of  any  magnitude, 
and  short  time  daily  forecasts  of  any  value,  cannot  be  based  on 
solar  or  lunar  periods. 

The  improvement  of  climatological  records  is  a  minor  branch 
of  dynamic  meteorology;  but  even  this  is  not  an  easy  matter: 
it  does  not  depend  wholly  upon  finances  or  on  personal  en- 
thusiasm, nor  on  obedience  to  official  orders. 

Illustration  (5).  For  instance  dynamic  meteorology  needs 
the  average  temperature  of  large  masses  of  freely  moving  air; 
hence  we  should  put  our  thermometers  on  the  tops  of  high 
buildings.  But  every  year  sees  taller  buildings  erected  in  our 
important  cities.  It  is  as  though  the  ground  in  Philadelphia, 
or  New  York,  or  Chicago,  were  rising  up  to  the  level  of  our 
self-recording  thermometers.  If  we  elevate  these  latter,  the 
local  citizens,  hygienists  and  agriculturists  complain  that  they 
want  temperatures  near  the  ground  where  men  live  and  where 
plants  grow  and  that  a  station  two  hundred  feet  above  the  ground 
does  not  suit  them.  Do  they  not  forget  that  at  the  ground  the 
temperatures  around  their  feet  are  often  quite  different  from 
those  at  their  heads?  That  the  temperatures  on  the  shady  side 
of  the  street  differ  from  those  on  the  sunny  side,  and  that 
temperatures  in  a  valley  differ  from  those  on  the  hillside?  We 
meteorologists  are  studying  the  temperature  of  the  free  air  in 
connection  with  clouds,  rains  and  storms, — while  they  are  think- 
ing of  crops  or  personal  health  and  comfort. 

The  conservatism  of  climatologists  and  hygienists  opposes 
the  best  interests  of  progressive  forecasters  and  meteorologists, 
properly  so-called. 

Illustration  (6).     It  is  the  same  also  with  the  wind  pressure 
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and  the  wind  velocity.  The  student  of  dynamics  needs  the  data 
from  the  free  air,  and  the  clouds,  therefore,  he  raises  his 
anemometers  high  above  the  tallest  buildings  or  puts  his  stations 
on  the  highest  hills.  The  records  of  these  instruments  are  so 
difficult  to  understand  that  many  inventors  have  devoted  years 
of  experimentation  to  convert  the  anemometer  readings  into  true 
wind  velocities.  But  meanwhile  the  steady  increase  in  the  eleva- 
tions of  tall  buildings,  and  the  growth  of  trees  at  all  country 
stations,  make  it  impossible  to  consider  the  records  of  to-day  as 
being  truly  homogeneous  with  those  of  twenty  years  ago. 

Illustration  (7).  The  case  is  even  worse  with  regard  to 
rainfall.  The  rain  gage  is  certainly  the  simplest  of  apparatus, 
a  mere  cylinder  set  up  to  catch  the  falling  rain  and  snow.  We 
measure  the  depth  of  the  water  in  the  gage  and  that  is  all  there 
is  to  the  observation  and  record.  But  this  simple  apparatus, 
which  has  no  inherent  instrumental  error,  is  open  to  such  serious 
sources  of  error  that  its  indications  and  the  averages  of  years 
of  observations  may  easily  be  misleading.  These  errors  have 
their  source  in  the  two-fold  influence  of  wind  at  the  locality, 
and  at  the  gage.  Every  building  or  hill  is  an  obstacle  to  the 
wind.  We  place  the  gages  near  the  ground  in  an  open  clear 
space,  or  on  a  post,  or  on  the  top  of  a  tall  building.  The  wind 
sweeps  around  and  over  the  building,  or  the  hill,  and  carries 
the  rain  or  snow  to  the  leeward  so  that  only  a  few  large  drops 
fall  on  the  spot  where  the  gage  is  located.  Equally  so  the  gage 
itself  becomes  an  obstacle  when  placed  in  a  clear  windy  spot 
and  all  the  smaller  drops  of  rain  are  carried  over  it  and  beyond 
it,  so  that  a  perceptible  percentage  misses  being  caught  and 
measured.  The  remedy  for  all  this  was  long  since  pointed  out 
by  your  own  Professor  Joseph  Henry  when  Secretary  of  the 
Smithsonian,  who  cut  off  the  wind  from  the  mouth  of  the  gage 
and  now  we  have  various  devices  for  this  purpose  constituting 
the  "  protected  rain  gage."  But  how  very  rarely  do  the  thousands 
of  rainfall  observers  protect  their  gage  records  against  this 
source  of  error,  which,  on  the  averages  of  10  gages  in  England 
whose  altitude  is  200  feet  where  strong  winds  are  likely  to 
prevail,  amounted  to  a  deficit  of  about  50  per  cent.,  diminishing 
thence  to  6  per  cent,  for  elevations  of  three  or  four  feet  in 
European  gages,  for  rain  only,  but  amounting  to  100  per  cent, 
in  the  case  of  light  rain  or  snowfall  and  strong  winds. 

What  false  conclusions  are  we  not  liable  to  draw  when  studv- 
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ing  climatological  data  subject  to  such  errors?  It  is  to  such 
misleading  records  as  these  that  we  must  attribute  the  origin  of 
that  widespread  fallacy  that  "  forests  increase  the  quantity  of 
rainfall."  They  do  indeed  increase  the  catch  of  the  rain  gage, 
by  diminishing  its  loss  due  to  the  action  of  the  wind  at  the 
mouth  of  the  gage,  but  the  actual  rainfall  is  not  affected  by 
forests.  The  winds  that  sweep  over  our  western  plains  often 
swirl  nearly  all  the  rain  and  snow  out  of  the  gages;  modern 
records  with  gages  better  protected  from  the  wind  by  trees, 
fences,  and  buildings,  give  larger  annual  precipitation  than 
formerly;  but  this  does  not  mean  that  the  climate  has  changed. 
Illustration  (8).  These  strong  winds  may  have  a  very 
decided  deleterious  influence  on  our  records  of  barometric  pres- 
sure, so  that  here  again  is  a  weak  point  in  the  comparison  of  long 
continued  records  at  some  of  the  most  interesting  observatories 
in  the  world,  namely,  those  located  in  very  windy  places,  as  on 
the  mountain  tops,  or  at  sea  coast  island,  and  such  spots  as  Point 
Reyes  Light  near  San  Francisco.  Barometers  are  usually 
fastened  against  the  walls  or  on  solid  piers  in  some  room  of  a 
fixed  building.  The  normal  standard  barometers  are  so  con- 
structed that  every  minute  source  of  error  inherent  in  the  instru- 
ment may  be  carefully  determined  and  allowed  for,  so  that  the 
pressure  of  the  atmosphere  within  the  room  may  be  known  to 
within  a  thousandth  part  of  an  inch  or  one  ten-thousandth  part 
of  the  length  of  the  vertical  column  of  mercury,  which  is  usually 
about  thirty  inches  long.  But  this  so-called  static  pressure 
within  the  room  is  not  necessarily  the  same  as  that  in  the  free  air 
outside  the  building,  because  the  building  is  an  obstacle  to  the 
wind.  If  the  doors  and  openings  are  all  closed  and  one  window 
be  opened  on  the  windward  side  the  barometer  will  be  at  once 
seen  to  rise  by  reason  of  the  added  pressure  due  to  the  wind 
pressing  against  that  open  window,  whereas  the  pressure  will 
fall  if  a  window  be  opened  on  the  leeward  side.  But  if  all 
ordinary  openings  and  leaks  are  closed  and  the  chimney  alone 
is  left  open,  this  chimney  becomes  the  important  obstacle  and 
the  stronger  the  wind,  so  much  the  stronger  the  suction  up  the 
chimney,  if  the  latter  be  properly  built,  or  the  pressure  down 
the  chimney  if  it  be  improperly  built.  The  influence  of  an  80 
mile  gale  is  about  half  an  inch  of  barometric  pressure  on  the 
scale  of  the  mercurial  barometer,  or  a  quarter  of  a  pound  pres- 
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sure  per  square  inch.  Studies  into  the  influence  of  chimney-tops 
on  the  draft  up  chimney,  and  therefore  on  the  pressure  within 
the  room  at  the  fireplace  were  carried  out  most  elaborately  by 
a  special  committee  of  the  American  Academy  of  Science  in 
Boston,  about  1847,  ^"d  with  equal  energy  by  your  own  com- 
mittee, as  reported  in  the  Journal  of  the  Franklin  Institute, 
Vol.  IV,  1842.  Your  object  was  to  teach  us  how  to  improve 
our  chimney  drafts,  but  who  thought  of  teaching  us  how  to 
escape  their  deleterious  influence  on  our  barometric  records  ?  The 
mariner  often  speaks  of  the  oscillations  of  his  barometer  at  sea, 
"  it  pumps  with  every  gust  of  wind  during  a  hurricane,"  but  our 
delicate  aneroid,  or  self-registering  barometer,  is  much  more 
sensitive  than  the  sluggish  mercurial  and  what  should  be  a 
delicate  curved  line,  on  our  recording  sheets,  often  seems  a  mere 
broad  blotch  of  ink.  Thus  the  study  of  the  relation  between  the 
pressure  that  prevails  in  the  free  atmosphere  and  the  correspond- 
ing free  wind  velocity,  or  free  wind  pressure,  is  complicated 
with  uncertainty  as  to  what  the  barometer  is  recording.  It  is 
quite  common  to  build  an  obsen^atory  on  the  top  of  a  moun- 
tain, or  hill  or  a  ridge,  in  such  a  sheltered  position  that  the  pre- 
vailing violent  west  winds  striking  the  ridge  bound  over  it  and 
over  the  building  which  is  thus  sheltered  by  it.  In  other  words 
the  building  is  located  within  a  small  region  where  the  wind 
pressure  and  the  barometric  pressure  are  both  of  them  lower  than 
they  would  be  if  the  barometer  were  located  in  the  free  air,  and 
were  floating  with  the  wind  like  a  free  balloon.  We  ordinarily 
say  that  a  portion  of  the  kinetic  energy  of  the  moving  wind 
is  given  up  to  the  ridge  as  an  obstacle  increasing  the  static  pres- 
sure on  the  windward  side,  while  the  barometer  records  a  deficit 
in  the  static  pressure  on  the  leeward  side  of  the  ridge. 

To  the  unaided  eye  a  very  pretty  evidence  of  the  existence 
of  such  regions  of  low  pressure  is  given  when  the  observer  notes 
a  little  cloud  like  a  streamer  attached  to  the  mountain-top  on 
the  leeward  side.  This  is  a  region  of  deficit  of  pressure  into 
which  outside  air  under  higher  pressure  has  been  pushed  and 
this  air  expanding  and  cooling,  just  as  ordinary  clouds  are 
formed,  forms  a  beautiful  delicate  "  banner  cloud "  full  of 
internal  commotions. 

In  the  Hartz  Mountains  of  Germany  a  cloud  is  often  to  be 
seen  forming  what  is  called  the  Spectre  of  the  Brocken  due  to 
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the  expansion   of  moist   air   into   these  so-called   discontinuous 
spaces. 


1  have  spoken  of  some  insidious  instrumental  and  local  errors 
that  are  still  creeping  into  our  climatological  records  all  over  the 
world.  In  former  ages  these  matters  have  been  equally  serious, 
so  that  all  records  since  the  first  organization  of  meteorological 
work,  about  1640,  by  the  disciples  of  Galileo  and  after  his  death, 
need  to  be  carefully  scrutinized  before  one  dares  to  compare 
them  together  and  draw  fine  conclusions  as  to  changes  in  climate, 
or  as  to  the  relations  between  local  climates  and  the  various 
theories  that  have  been  suggested  about  the  influence  of  the 
sun  or  the  moon,  or  comets,  the  forests,  or  battles,  or  auroras, 
or  the  cultivation  of  the  ground,  or  any  other  suggested  cause 
of  possible  changes  in  the  earth's  atmosphere  and  climate. 

The  greatest  climatic  change  that  we  know  of  is  that  which 
seems  to  have  occurred  when  the  earth  passed  through  that 
geological  epoch  known  as  the  glacial  period,  when  snow  and 
ice  a  mile  in  depth  covered  what  is  now  known  as  our  Lake 
Region  and  when  similar  phenomena  occurred  from  time  to  time 
in  Europe,  in  New  Zealand,  and  even  in  Central  Africa.  We 
are  at  present  wholly  at  a  loss  to  demonstrate  the  value  of  the 
various  suggested  explanations  of  such  great  changes  in  local 
climate.  How  can  we  expect  to  reason  from  our  little  possible 
climatic  changes  of  one  degree  F.  or  one  inch  of  rainfall,  or  an 
occasional  cold  winter,  back  to  those  ages  during  which  the 
whole  face  of  the  earth  was  changed! — and  yet  even  then  man 
was  living  on  the  earth? 

The  errors  of  instruments,  and  of  their  exposures,  the  short- 
ness of  each  local  record,  the  limitation  to  stations  on  the  globe 
at  the  very  bottom  of  our  atmosphere,  the  limitation  to  habitable 
parts  of  the  globe,  depriving  us  of  extended  records  on  the  ocean, 
or  in  the  deserts,  or  in  the  polar  regions,  with  only  here  and  there 
an  occasional  record  brought  down  from  high  altitudes  by  kites 
or  balloons,  are,  however,  but  minor  obstacles  to  the  progress 
of  meteorology. 

Not  long  since  (1892)  Prof.  Arthur  Schuster,  at  the  British 
Association  for  the  Advancement  of  Science,  discouraged  by  the 
slow  progress  of  our  knowledge  of  the  peculiarities  of  our 
atmosphere,  exclaimed,  almost  in  these  words :    "  Why  not  stop 
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all  observing  and  recording  and  the  daily  predictions,  for  five 
years,  and  devote  ourselves  to  study  ^  Why  not  relieve  our 
numerous  National  Weather  Bureaus  from  their  previous  onerous 
statistical  work  and  turn  their  best  men  into  the  study  of  the 
physics  and  mechanics  of  the  earth's  atmosphere?  Why  ask  a 
blind  man  to  observe  and  record  without  knowing  why  or  what?  " 
Of  course  we  would  not  forget  that  local  climates  and  their 
influences  on  humanity,  have  for  ages  occupied  the  attention  of 
mankind  as  climatology.  There  is  a  demand,  a  steady  daily  de- 
mand for  daily  data.  At  first  forecasts  of  storms  and  weather 
were  an  application  of  our  elementary  statistical  knowledge  of 
general  climatology,  were  not  based  on  our  knowledge  of 
mechanics,  because .  we  know  so  little  of  this  latter  science  as 
applied  to  the  atmosphere.  We  believe  that  the  fundamental 
laws  of  forces  must  be  still  better  understood  than  now,  before 
we  have  any  right  to  expect  detailed  predictions  at  such  long 
ranges  as  are  possible  in  some  other  professions. 


But  let  us  pass  from  considering  climatology  or  the  average 
condition  of  the  atmosphere  and  statistical  conditions.  Suppose 
that  we  really  had  perfect  observations  and  records  for  ages 
past,  would  these  alone  enable  us  to  make  accurate  long  range 
predictions  as  to  the  future?  No,  indeed!  not  even  though  our 
kites  and  balloons  do  record  whatever  goes  on  ten  or  fifteen 
miles  above  us.  Not  even  though  our  daily  weather  maps  cover 
the  whole  of  the  United  States  and  the  oceans  on  either  side  of 
us,  including  the  corresponding  daily  weather  maps  for  all 
Europe  and  Asia.  Daily  maps  for  the  whole  Northern  Hemi- 
sphere for  both  land  and  ocean  were  published  formerly  by  us  for 
about  ten  consecutive  years,  showing  all  about  the  successive  con- 
ditions of  the  weather.  We  may  always  obtain  sufficient  observa- 
tional material  for  these,  but  how  can  accurate  predictions  be 
made  from  the  most  perfect  graphic  maps  and  statistical  figures  ? 
We  may  indeed  estimate  the  probabilities,  but  the  great  obstacle 
that  hinders  perfect  predictions  is  nothing  less  than  our  ignorance 
of  many  details  as  to  the  laws  that  govern  the  atmosphere  and 
our  inability  to  put  even  what  little  knowledge  we  have,  into 
such  a  form  that  it  can  be  promptly  utilized  by  the  forecaster. 

I  do  not  consider  our  present  system  of  forecasts  as  being 
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faulty  either  in  Europe  or  America.  Such  good  men  as  are  now 
engaged  in  this  work,  throughout  the  world,  cannot  do  other 
than  good  work, — the  very  best  that  is  now  possible  under  ex- 
isting conditions.  I  am  not  criticising  the  good  that  we  have, 
I  am  asking  you  to  seriously  consider  what  can  be  done  to  help 
meteorologists  throughout  the  world,  onward  toward  perfection 
in  the  distant  future. 

Now  and  then  you  will  find  a  man  who  by  persistent  practice 
and  long  familiarity  with  his  billiard  table,  his  balls  and  his  cues 
and  his  strokes,  can  tell  with  delightful  precision  just  when  and 
where  a  ball  will  land ;  equally  is  this  true  of  the  pitcher  in  base- 
ball, or  the  man  at  the  helm  of  a  great  steamship,  or  the  pilot 
of  an  aeroplane.  These  all  get  at  the  desired  result  after  many 
trials  and  failures;  they  acquire  a  knowledge  of  the  motions  of 
things  without  much  knowledge  of  the  fundamental  laws  that 
govern  moving  bodies;  they  have  a  so-called  practical  knowl- 
edge without  the  theoretical.  Hence  the  experience  of  the  billiard- 
ist  may  be  very  useful  in  some  new  fields  of  work,  such  as  base- 
ball, but  how  can  it  apply  to  some  distant  field  of  work,  such  as 
the  motion  of  a  flood  in  the  river,  or  the  advance  of  a  rushing 
blizzard  ?  I  recall  vividly  the  agitation  scattered  throughout  this 
country  by  the  newspaper  press  of  185 1-5,  relative  to  the  rota- 
scope  of  Prof.  W.  R.  Johnson,  then  of  Philadelphia,  and  relative 
to  "  the  mechanical  paradox  "  of  Prof.  Jonathan  Homer  Lane, 
that  brilliant  light  among  the  scientists  of  Washington,  all  which 
instruments  are  now  well  known  as  the  gyroscope  of  Foucalt. 
"A  new  force  has  been  discovered,"  said  one  popular  writer; 
"  falling  bodies  are  made  to  rise  and  move  horizontally;  Newton's 
law  of  gravitation  is  not  universal,"  said  another.  And  yet  the 
puzzling  movements  were  easily  explained  by  the  laws  of  rotation 
that  had  long  before  been  expounded  by  Poisson.  So  little  were 
these  laws  of  motion  then  known  to  the  professors  and  students 
of  our  colleges  that  many,  like  myself,  were  staggered  as  to 
their  faith  in  the  teachings  of  Sir  Isaac  Newton  and  began  to 
inquire  whether  it  might  not  be  possible  to  undermine  and  upset 
all  the  wisdom  of  ordinary  learned  men.  No,  this  is  not  possible. 
The  future  may  enlarge  or  perfect  our  present  knowledge  of 
nature.  We  may  impose  new  conditions  and  attain  new  results, 
but  we  shall  merely  clarify  our  present  wisdom,  we  shall  add  to, 
but  not  upset,  all  the  teachings  of  the  past.     He  who  pushes  on 
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over  the  mountains  and  discovers  new  uplands,  does  not  destroy 
the  lowlands  that  he  left  behind. 

If  one  depends  only  on  the  daily  weather  maps  and  knows 
little  or  nothing  of  nature's  laws  he  finds  himself  in  a  maze  of 
limitations.  He  dare  not  prophesy;  he  ventures  only  to  say 
that  "  judging  by  the  general  behavior  of  the  atmosphere,  during 
the  past  few  hours,  it  may  be  expected  that,"  or  that  "  the  indica- 
tions are,"  or  "  the  probabilities  seem  to  be  that  so  and  so  will 
happen."  Must  we  then  imitate  the  self-confident  sooth-sayers, 
haruspices,  augurs,  fortune-tellers?  Shall  we  look  to  the  birds 
and  animals  and  plants,  for  a  little  of  their  wisdom? 

Do  we  not  know  that  our  atmosphere  is  an  inert  machine, 
controlled  by  the  same  laws  that  govern  all  machines?  It  is 
simply  a  very  complex  air  engine,  in  which  the  air  is  warmed  by 
the  sun,  and  cooled  by  radiation.  The  denser  air  pushes  the 
lighter  air  aside  and  keeps  up  the  circulation.  Can  not  man's 
intellect  unravel  the  complex  of  combinations  that  are  changing 
every  hour  of  the  day  and  every  day  of  the  year?  Of  course 
this  immense  machine  is  a  whirling  globe,  revolving  daily  and 
feeling  the  influence  of  its  own  centrifugal  force.  It  is  rushing 
around  the  sun  annually  through  the  inter-planetary  space,  so 
that  it  is  affected  by  shooting  stars,  solar  electrons,  inter-planetary 
aether  and  exceedingly  thin  unknown  gases. 

Consider  for  a  moment  the  fact  that  the  atmosphere  is  a 
mixture  of  gases  and  vapors,  each  of  which  has  its  own  pecu- 
liarities so  that  we  must  especially  consider  the  presence  of  water 
and  ice  and  their  vapors.  All  its  constituents  are  subject  to  the 
laws  of  thermo-dynamics,  by  reason  of  which  gases  cool,  when 
rising  and  expanding,  and  warm  by  descent  and  compression; 
they  are  all  subject  to  the  laws  of  hydro-dynamics,  by  reason  of 
which  cyclones,  tornadoes,  blizzards,  trade  winds  and  calms, 
must  occur;  they  are  all  subject  to  the  laws  of  radiation  and 
absorption  of  heat,  by  reason  of  which  low  lying  fogs  are  formed 
and  also  the  great  stratum  of  relatively  warm  air  that  surrounds 
the  globe  about  ten  miles  above  sea  level. 

The  laws  of  radiation  of  gases  and  motion,  of  pressure  and 
vapor  diffusion,  are  understood  at  present  only  well  enough  to 
enable  us  to  progress  very  slowly  in  the  fundamental  part  of  the 
physics  of  meteorology.  In  the  ordinary  physical  laboratories  of 
our  universities,   our  best  men,   with   expensive   and   accurate 
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apparatus,  study  these  laws  separately,  or  by  simple  combinations 
among  themselves.  But  the  meteorologist  can  not  experiment 
with  the  atmosphere  as  a  whole,  as  he  would  like  to  do.  How- 
ever, he  can  experiment  with  relatively  small  portions  of  the 
atmosphere  and  deduce  conclusions  that  can  be  applied  on  a  large 
scale  to  the  data  given  by  the  daily  weather  map. 

Of  course  our  progress  in  the  work  must  be  slow  but  steady. 
Do  not  the  remains  of  animals  found  in  the  depths  of  the  earth 
show  that  the  Creator  spent  ages  in  gradual  approach  toward  the 
construction  of  such  perfect  birds  of  flight  as  the  condor,  the 
eagle,  the  carrier  pigeon?  Man  has  spent  only  the  past  thirty 
years  in  his  persistent  efforts  to  rival  these  creatures.  They  are 
flying  by  virtue  of  their  material  construction,  their  inherited 
wings  and  muscles  and  nerves,  but  man  must  learn  to  fly  by 
virtue  of  some  intellectual  conquests.  He  must  not  expect  to  do 
in  a  few  years  that  which  the  birds  required  ages  to  do.  They 
have  only  an  art;  we  must  first  understand  the  science. 

It  is  the  study  of  nature  and  nature's  laws  that  must  con- 
stitute the  basis  of  all  our  future  progress  in  every  science.  These 
laws  are  hidden  from  the  eye  and  the  ear,  from  the  touch,  the 
smell  and  the  taste,  they  are  not  revealed  to  us  by  our  material 
senses,  but  only  by  intellect  and  reason.  Our  imaginations  sus- 
pect their  existence ;  we  begin  with  the  conviction  that  there  must 
be  a  cause  or  a  reason  for  every  phenomenon.  We  try  various 
hypotheses  and  after  testing  them  all,  some  of  them  become 
established  as  realities  shown  to  accord  with  all  the  observed 
facts.  It  is  this  intellectual  ability  that  constitutes  the  basis  of 
man's  power  over  nature :  without  it  man  cannot  develop  the 
mechanical  principles  that  apply  to  this  atmosphere. 

Behind  every  perfect  practical  art  and  every  ordinary  act  there 
is  a  higher  science  that  must  be  understood  if  we  would  have 
full  command  of  the  world  around  us.  This  material  world  is 
so  permeated  with  evidences  of  a  wonderful  creative  power  that 
we  must  recognize  ourselves  as  following  far  behind  trying  to 
discover  how  things  were  done  and  how  puny  man  must  do  if 
he  is  to  accomplish  his  plans.  Our  minds  can  not  think,  our 
brains  can  not  act,  except  in  harmony  with  the  properties  of  the 
atoms  of  which  our  bodies  are  composed ;  all  our  thoughts  must 
be  in  harmony  with  the  mechanical  laws  that  govern  those  same 
atoms  as  they  circulate  in  the  inanimate  nature  around  us.    There 
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is  not  a  mode  of  motion  which  the  mind  can  imagine  as  possible 
but  what  is  actually  found  to  be  present  among  the  atoms  studied 
by  the  chemist  and  the  physicist. 

Was  Sir  Isaac  Newton  satisfied  to  know  that  an  apple  falls 
from  the  tree  to  the  ground,  or  that  a  stone  flies  from  the  whirling 
sling  when  it  is  let  loose  ?  Ah  no !  His  imagination  penetrated 
beyond  these  well-known  material  phenomena.  He  imagined 
various  general  laws  that  might  govern  the  motions  of  the  apple 
and  the  stone,  and  demonstrated  to  the  satisfaction  of  all  men 
that  inertia,  mojnentum,  gravitation,  centrifugal  force  prevail 
throughout  the  universe ;  that  they  control  the  motions  of  atoms, 
the  phenomena  of  light  and  the  revolution  of  the  planets  about 
the  sun. 

Similarly  did  Sir  Robert  Boyle  reveal  the  law  that  liquids 
and  gases  press  outwards  in  all  directions  and  that  this  pressure 
is  equal  at  every  point  of  the  inclosure  upward  or  downward 
or  sideways. 

The  progress  of  knowledge  in  ever}^  direction  has  led  us 
from  the  visible  phenomena  of  everyday  life,  through  the 
telescope  up  to  the  stars;  through  the  microscope  down  to  the 
microbe;  through  the  prism  and  iceland  spar  up  to  that  inter- 
planetary substance  called  cCther  that  brings  us  light  and  heat 
from  the  sun.  Through  chemistry  we  have  learned  about  the 
combinations  of  atoms  and  molecules ;  through  the  steam  engine 
we  have  learned  the  laws  of  thermo-dynamics ;  from  the  old 
electric  battery  we  have  ascended  to  the  study  of  the  electron, 
and  the  ultimate  corpuscles  of  all  matter;  through  photography 
we  have  come  to  study  radium  and  the  X-rays.  Now  all  such 
study  is  done  by  manipulation  in  laboratories  devoted  to  these 
subjects.  But  it  is  also  brain  work;  it  is  the  spirit  of  mathe- 
matics that  guides  us  into  the  airy  realm  of  the  mechanics  of 
molecules  and  the  structure  of  all  matter.  The  intellectual 
process  called  logical  reasoning,  which  is  generally  mathematical, 
leads  us  up  to  the  laws  of  the  forces  of  nature,  which  laws  them- 
selves are,  so  far  as  we  now  know,  perfectly  non-material,  not  to 
say  intellectual  and  spiritual. 

Mathematics  is  really  the  laws  of  thinking  as  distinguished 
from  mechanics,  which  is  the  laws  of  forces.  We  speak  of  think- 
ing as  an  intellectual  process  wholly  confined  to  the  mind  or 
brain,  but  the  atoms  of  the  brain  are  regulated  by  the  very  same 
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laws  of  mechanics,  so  that  thinking  is  but  expressing  in  words 
the  mechanical  processes  going  on  among  the  atoms  of  the  brain, 
or  if  you  will,  the  matter  of  the  whole  universe.  We  and  nature 
are  one.  As  successive  generations  of  men  devote  their  in- 
tellectual powers  to  the  mechanics  and  mathematics  of  nature, 
we  shall  gradually  unfold  all  the  secrets  of  nature  and  elucidate 
all  the  phenomena  of  meteorology  that  now  seem  so  obscure  and 
difficult. 

A  recent  address  by  Professor  Moeller,  of  Brunswick,  Ger- 
many, who  has  written  much  on  the  problems  of  the  movements 
of  the  atmosphere,  has  enforced  the  need  that  is  felt  in  that 
country  of  courses  of  study  specially  designed  for  students  who 
wish  to  devote  themselves  to  meteorological  researches  and  the 
increase  of  our  knowledge  relative  to  the  atmosphere. 

Possibly  the  first  step  ever  taken  to  specifically  provide  for 
future  researches  on  the  atmosphere  was  by  that  earnest  philan- 
thropist Thomas  G.  Hodgkins  of  New  York,  who  willed  his 
fortune  to  the  pursuit  of  this  one  study  in  all  its  relations  to 
mankind.  Therefore  the  Smithsonian  Institution  as  his  executor 
has  aided  and  published  a  large  variety  of  atmospheric  researches 
and  may  be  expected  to  publish  still  more  in  the  future.  Even 
the  Carnegie  Institution  has  done  a  little  for  meteorology  by 
printing  one  volume  on  dynamic  meteorology  by  the  most  ad- 
vanced, enthusiastic  and  stimulating  of  all  living  students,  Victor 
Bjerknes,  of  Christiania,  Norway. 

It  is  not  merely  a  publisher  that  is  wanting.  It  is  the  labor- 
atory with  its  corps  of  thinkers  and  experimenters — men  who 
have  done  and  are  able  to  do  still  more, — the  so-called  mathe- 
matical physicist,  full  of  enthusiasm  and  profiting  by  the  stimulus 
of  a  few  companion  students. 

In  the  special  field  of  electricity  ideals  could  be  mentioned, 
such  as  the  Cavendish  Laboratory  at  Cambridge,  England.  Here 
J.  J.  Thomson  and  his  group  of  students  remind  one  of  the 
ancient  peripatetic  school  of  philosophy  held  by  Socrates  at 
Athens,  so  far  as  concerns  the  close  communion  of  spirits ;  or 
the  glorious  Academia  del  Cimento  at  Florence,  where  the  dis- 
ciples of  Galileo  had  buildings  and  apparatus  adapted  to  the  close 
study  of  natural  philosophy.  Something  of  this  kind  I  would  see 
devoted  to  the  advance  of  atmospherics. 

Am  I  looking  too  far  ahead?  Shall  not  some  of  us  now 
living  see  the  establishment  of  some  such  school  devoted  to  the 
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physics  and  mechanics  of  the  earth's  atmosphere?  Our  great 
universities  have  their  schools  of  mathematics,  chemistry,  physics, 
engineering,  etc.  Annually  they  turn  out  innumerable  successful 
candidates  for  the  degree  of  Doctor  of  Philosophy.  These  young 
men  by  their  published  theses  show  that  each  knows  all  of  some 
one  special  subject  and  has  added  thereto  discoveries  or  im- 
provements of  his  own.  They  become  adepts  in  such  researches 
and  are  quickly  sought  by  the  various  business  concerns  that  need 
their  knowledge  and  their  talents.  Almost  all  the  progress  of 
modern  times  has  been  due  to  the  works  initiated  by  such  men 
and  by  their  teachers  in  special  laboratories.  It  is  precisely  such 
men  and  such  talents  for  research  that  I  would  secure  for  the 
study  of  obscure  atmospheric  problems.  I  would  have  them 
furnished  with  an  extensive  laboratory  especially  adapted  to 
atmospheric  studies.  A  study  now  often  confounded  with 
aerology,  but  which  I  would  rather  call  atmospherics.  I  do  not 
specifically  suggest  an  establishment  devoted  to  the  aeroplane 
or  aerial  navigation.  This  is  a  specific  engineering  problem,  that 
many  nations  are  providing  for  on  account  of  its  prospective 
importance  in  warfare.  Possibly  the  aeroplane  will  become  as 
useful  to  meteorology  as  the  kite  and  balloon  have  been.  But 
atmospherics  has  other  needs  than  those  of  an  aerial  navigation. 
To  be  sure,  we  do  need  observations  made  in  the  atmosphere 
itself,  but  still  more  do  we  need  a  building  wherein  to  imitate 
atmospheric  phenomena  so  that  they  can  be  measured  and  sub- 
jected to  mathematical  study. 

(i)  Suppose  one  wishes  to  find  out  all  about  water-spouts, 
or  thunderstorms,  or  tornadoes.  Must  he  go  to  them  and  into 
them?  No ;  he  can  cause  small  ones  to  form  in  such  a  laboratory 
under  specific  conditions  that  he  can  control.  I  have  seen  a 
beautiful  experiment  of  this  kind  performed  in  Paris.  One  has 
only  to  rig  up  a  horizontal  whirling  wheel  and  place  a  dish  of 
warm  water  on  the  floor  directly  below  it.  The  vertical  spiral 
spout  is  quickly  formed  and  the  student  with  his  little  pieces  of 
measuring  apparatus  can  determine  the  pressure,  temperature, 
moisture  and  wind,  at  every  point  within  it.  He  is  supposed  to 
have  previously  prepared  analytical  formulae  that  pertain  ap- 
proximately to  just  such  a  water-spout  and  he  now  compares 
his  observations  with  his  theory.  Doubtless  he  will  have  to 
modify  his  formulas  until  he  attains  those  that  will  apply  on  a 
large  scale  to  the  air  in  a  natural  water-spout.     He  thus  acquires 
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confidence  in   his  knowledge  of   mechanics  and  his  abihty   to 
demonstrate  its  agreement  with  nature. 

(2)  The  beautiful  clouds  change  their  structure  and  their 
features  with  every  approaching  change  in  the  weather.  We 
can  reproduce  many  of  these  in  a  proper  laboratory  and  determine 
more  precisely  just  what  these  changes  mean. 

(3)  The  formation  of  rain,  snow,  hail,  and  frost  must  be 
imitated  until  we  know  how  and  why  they  are  formed. 

(4)  The  beautiful  smoke  rings,  or  vortices,  sent  straight  up- 
ward by  certain  cannon  that  are  used  to  prevent  hail,  must  be 
studied  in  a  laboratory  until  we  are  able  to  show  why  it  is  that 
neither  they  nor  the  explosion  of  dynamite  have  any  influence 
on  thunder  clouds  or  hail. 

(5)  The  absorption  of  the  solar  rays  by  the  air,  the  earth, 
the  ocean,  and  the  fields  of  snow,  and  in  general  the  distribution 
of  temperature  on  the  globe,  even  the  formation  of  glacial  epochs, 
can  be  investigated  experimentally,  as  well  as  by  the  present 
imperfect  theoretical  hypotheses. 

(6)  We  can  go  further  than  small  local  phenomena.  Models 
must  be  made  of  the  whole  globe  or  of  its  two  hemispheres,  be- 
decked with  close  imitations  of  our  continents,  mountains,  oceans, 
clouds  and  atmosphere.  These  must  revolve  all  together  in 
imitation  of  our  daily  rotation,  and  we  must  be  able  to  measure 
everywhere  on  our  models,  the  pressures,  temperatures,  winds, 
the  little  eddies  like  our  hurricanes,  that  move  along  the  surface 
of  the  earth  and  the  advance  of  great  blizzards,  or  floods,  or 
droughts.  (All  of  which  I  explained  in  the  Monthly  Weather 
Review  of  December,  1907,  and  in  the  Bulletin  of  the  American 
Mathematical  Society,  in  July,  1907.)  Thus  we  shall  elucidate 
the  motions  of  areas  of  low  pressure  and  rain,  eastward  around 
the  globe,  from  Japan  to  Russia,  or  from  Cape  Horn  to  Aus- 
tralia. We  shall  understand  the  influence  of  the  Andes  and 
Rocky  Mountains,  or  of  continents  and  oceans,  on  the  general 
circulation  of  the  atmosphere.  We  shall  go  on  further  and 
study  the  behavior  of  our  upper  atmosphere  that  is  so  very 
different  from  the  lower  half,  in  which  our  ordinary  phenomena 
originate. 

Time  would  fail  me  to  describe  all  the  beautiful,  but  con- 
fessedly difficult  experiments,  that  can  be  made  with  gases  and 
vapors  in  the  laboratory  for  atmospherics ;  with  all  these  experi- 
ments there  must  go  on  a  truly  difficult  mathematical  work. 
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Thirty  years  ago,  the  best  mathematicians  told  me  that  our 
problems  were  too  difficult  for  them,  but  now  younger  men  ha\'e 
attacked  them,  and  the  experimental  laboratory  will  enable  us 
to  test  these  newest  results  and  will  give  us  confidence  in  the 
application  on  a  larg-e  scale  of  the  results  of  experiments  on  a 
small  scale. 

If  the  preparations  for  such  experiments  were  not  so  laborious 
and  expensive,  I  should  to-night  have  illustrated  this  plain  talk 
by  showing  you  some  of  them  so  that  you  might  realize  that  I 
am  not  promising  work  beyond  man's  ability  to  perforuL 

In  conclusion,  I  must  say  that  what  I  most  long  to  see,  and 
what  I  believe  is  of  fundamental  importance,  in  atmospherics, 
the  want  of  which  is  a  real  obstacle — is  the  existence  of  a 
laboratory  building  specifically  adapted  to  atmospheric  experi- 
ments and  the  association  therewith  of  able  students  trained  in 
mathematics,  physics,  and  mechanics.  AMien  all  this  is  realized 
the  intellectual  work  that  will  there  be  done,  will  gradually  re- 
move all  obstacles  to  tbe  eventual  perfection  of  our  knowledge 
of  the  atmosphere. 

Does  this  seem  like  a  long  look  ahead  ?  Not  so.  The  time 
is  ripe  for  the  institute.  Many  eyes  are  looking  for  its  appear- 
ance. It  matters  little  whether  the  ideal  be  realized  by  our  own 
Weather  Bureau  at  its  important  research  station  on  Mount 
Weather,  or  by  the  German  Weather  Bureau,  at  Lindenberg,  or 
by  Mr.  Rotch  at  his  private  station  on  the  Blue  Hills  near 
Boston,  or  under  the  auspices  of  some  wealthy  university,  which 
latter  would  seem  to  be  a  most  congenial  spot.  Or  whether 
the  Smithsonian  and  Carnegie  Institutions  shall  add  it  to  the 
galaxy  gathered  about  them.  All  arc  welcome.  There  is  room 
for  several  such  laboratories  of  atmospherics  and  for  many 
busy  men  in  this  class  of  work.  Every  man  and  e\'ery  institute 
will  be  helpful  in  its  own  way.  Each  must  plan  for  many  years 
of  labor,  as  is  the  case  in  astronomical  observatories  and  all  other 
scientific  institutes.  ]\ran  has  to  make  liasfc  slowly,  when  he 
studies  nature. 

If  ever  the  state  should  honor  those  of  your  citizens  who 
have  done  so  much  for  meteorology,  the  names  of  Benjamin 
Franklin,  William  Eerrel.  Alexander  Dallas  Bache,  Walter  Rogers 
Johnson,  James  Pollard  Espy,  Robert  Hare,  and  Elisha  Kent 
Kane,  will  be  inscribed  on  the  portals  of  some  future  laboratorv 
lievoted  to  atmospherics. 
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Paper  Specialties.  H.  Postl.  (Papierfabrikant,  ix,  853.) — 
Japanese  papers. — Genuine  Japanese  papers  are  not  made  from 
rags,  but  only  from  freshly-prepared  native  bast  fibres.  These 
bast  fibres  receive  only  a  very  gentle  chemical  and  mechanical 
treatment ;  the  bast  is  steeped  in  dilute  alkali,  and  cleaned  by  hand, 
and  beaten  by  hand  with  wooden  mallets :  the  Hollander  machine 
is  not  employed.  Hence  the  fibres  retain  all  their  natural  qualities 
and  strength,  and  as  no  bleaching  chemicals  are  used,  Japanese 
papers  are  noted  for  their  great  strength,  and  have  a  silky  gloss 
and  feel,  and  are  excellent  for  printing.  Attempts  to  use  native 
Japanese  fibres  in  Europe  have  been  unsatisfactory. 

Dutch  tobacco  paper. — The  qualities  demanded  are :  light  and 
permanent  color,  great  resistance  to  crumpling  and  creasing,  and 
complete  absence  of  holes  or  thin  porous  patches  through  which 
the  moisture  and  aroma  of  the  tobacco  might  escape.  This  paper 
is  made  from  cotton  and  linen  rags  mixed  with  waste  paper  of 
the  best  quality.  The  web  is  run  on  a  machine  with  two  wet  presses, 
and  is  cut  into  sheets  by  a  machine  in  front  of  the  last  wet  press. 
The  moist  sheets  are  taken  off  by  hand  and  dried  in  lofts ;  they 
are  sized,  and  plate-glazed  as  in  hand-made  papers. 

Imitation  hand-made  cardboard. — This  is  used  for  covers,  for 
pamphlets,  etc.,  and  must  have  deckle  edges  and  a  pronounced 
grain.  Tinted  boards  in  fast  colors  are  best  made  from  colored 
cotton  rags,  to  obtain  the  desired  thickness.  To'  define  the  deckle 
edges,  strips  of  waxed  cloth  are  attached  to  the  wire  of  the  cylinder 
machine.  Each  sheet  passes  through  the  press  between  two  mark- 
ing felts,  which  impress  the  desired  grain  on  the  boards.  Drying 
is  done  in  the  air  or  by  slightly-heated  cylinders.  Generally 
engine  sizing  is  enough,  but  in  some  cases  tub  sizing  is  applied. 

Imitation  parchment  paper. — Previously  the  characteristic 
appearance  of  imitation  parchment  paper  was  obtained  by  the  use 
of  paraffin,  stearin,  starch,  or  glucose,  but  now  this  result  is  pro- 
duced by  the  selection  of  a  strong,  well-boiled,  sulphite  pulp, 
suitably  treated  in  the  Hollander.  The  knives  of  the  beater  roll 
are  of  bronze  and  the  bed  plate  is  made  of  hardened  cast  steel  ribs 
or  basalt  lava.  Sometimes  both  roll  and  plate  are  of  lava.  The 
wire  of  the  paper  machine  should  be  very  long,  with  several  suction 
boxes.  The  drying  cylinders  should  be  of  ample  capacity  and  so 
designed  that  not  more  than  100  kilos  of  paper  are  dried  in  24  hours 
per  square  meter  of  cylinder  surface.  This  slow  drying  is  essential 
to  give  a  strong  and  flat  paper. 

Parting  of  Platinum-Gold-Silver  Bullion.  Anon.  (Engin. 
and  Min.  J.,  xcii,  259.) — The  bullion  should  contain  more  than  75 
per  cent,  of  silver.  Nitric  acid  must  not  be  used  for  parting,  as, 
in  the  presence  of  silver,  platinum  would  be  partially  dissolved. 
Sulphuric  acid,  free  from  chlorine,  should  be  used  in  the  propor- 
tion of  two  or  three  ounces  of  strong  acid  to  one  ounce  of  alloy. 


WHAT  MAKES  WHITE  LEAD   CHALK  AND   HOW 
CHALKING  MAY  BE  PREVENTED.^ 

BY 

HENRY  A.  GARDNER, 

Assistant  Director,  The  Institute  of  Industrial  Research,  Washington,  D.  C. 

Chalking  and  Repainting. — The  chalking  of  white  lead  is  one 
of  the  evils  attending  the  use  of  this  valuable  white  paint  pig- 
ment which  the  master  painter  is  most  anxious  to  correct.  Every 
fair  observer  will  probably  admit  that  moderate  chalking  is  not 
objectionable,  as  it  leaves  a  surface  for  repainting  which  will 
quickly  receive  and  amalgamate  with  the  new  paint  applied ;  this 
result  being  difficult  with  an  old  painted  surface  which  is  exces- 
sively hard  or  brittle.  Excessive  chalking,  how^ever,  which  is 
often  followed  by  deep  alligatoring  and  gradual  disintegration, 
should  be  avoided  if  possible,  for  no  matter  how  good  a  paint 
may  be  placed  over  a  deeply-checked  surface,  the  result  is  always 
unsatisfactory  and  unsightly. 

The  writer  has  recently  read  with  interest  a  pamphlet  which 
attempts  to  explain  the  cause  of  the  chalking  that  is  exhibited 
by  nearly  all  pure  white  lead  paints  after  exposure  to  the  ele- 
ments. In  the  article  referred  to,  some  very  interesting  theories 
have  been  advanced,  and  the  object  of  this  paper  is  to  briefly  out- 
line these  theories  and  discuss  them  in  the  light  of  the  most 
recent  knowledge  obtainable  on  the  subject. 

Oil  Conservation  or  Oil  Substitution. — It  has  been  stated  in 
the  pamphlet  referred  to  that  the  chalking  of  white  lead  is  due 
to  the  lack  of  linseed  oil,  and  that  chalking  would  not  take  place 
to  any  extent  if  white  lead  paints  were  mixed  with  greater  quanti- 
ties of  linseed  oil.  From  an  economical  standpoint,  it  would 
appear  to  the  writer  that  if  painters  were  to  follow  the  above 
suggestion  and  use  greater  quantities  of  linseed  oil  than  is  at 
present  the  prevailing  practice  the  effect  would  not  be  towards 
relief  from  the  present  high  prices  which  must  be  paid  for  pure 
oil,  and  might  not  only  encourage  the  use  of  linseed  oil  substi- 

^  To  be  read  before  the  Convention  of  the  Pennsylvania  State  Association  of 
Master  Painters,  Scranton,  Pa.,  January  i8,  1912. 
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tutes  which  have  not  been  thoroughly  tested,  but  actually  lead 
to  the  use  of  such  substitutes. 

Short  Oil  and  Long  Oil  Reductions. — It  has  further  been 
stated  that  not  only  the  priming  coat  of  white  lead  but  the  top 
coat  as  well  should  receive  very  long  oil  reductions  in  order  to 
form  a  film  which  would  protect  the  pigment  from  the  elements, 
which  are  the  initial  cause  of  chalking  when  lead  is  applied  with 
the  usual  short  oil  reduction.  The  application  of  ordinary  white 
lead  paint  has  been  compared  with  the  application  of  short  oil 
\'arnishes  which  contain  quantities  of  gum  with  very  little  oil, 
the  analogy  suggesting  that  the  same  enduring  results  which  are 
obtained  on  exposure  of  long  oil  varnishes  would  be  obtained  if 
lead  paints  were  reduced  with  quantities  of  oil.  Commenting 
on  the  above  procedure,  it  would  appear  to  the  writer  that  the 
use  of  larger  quantities  of  oil  than  are  at  present  in  common  use 
would  result  in  a  paint  deficient  in  hiding  power  and  strength. 
Furthermore,  the  comparison  of  varnishes  with  paints  is  not 
justified,  as  a  varnish  which  consists  of  gums  dissolved  in  oil  is 
an  entirely  difl'erent  material  from  an  oil  in  which  pigments 
are  simply  suspended.  Both  of  these  materials  must  be  studied 
along  separate  lines,  as  they  are  physically  and  chemically  dif- 
ferent. 

Amount  of  Oil  Determined  by  Pigment. — It  is  well  known 
that  linseed  oil,  or,  in  fact,  any  oil,  when  spread  into  a  paint 
films  to  a  coating  which  upon  exposure  does  not  possess  any  very 
great  strength  or  moisture-excluding  power.  When  linseed  oil, 
however,  has  been  ground  with  pigments,  the  strength  of  the 
films  is  increased  materially,  and  the  greatest  strength  is  devel- 
oped in  those  cases  in  wdiich  a  critical  percentage  of  pigment  has 
Ijeen  added  to  the  oil.  The  critical  percentage  varies  with  the 
nature  of  the  pigment,  a  small  quantity  of  some  ])igments  being- 
sufficient,  while  a  large  quantity  of  other  pigments  is  necessary, 
to  produce  films  of  maximum  strength.  An  average  paint  con- 
sists of  ten  pounds  of  pigment  suspended  in  one  gallon  of  oil,  but 
the  wa'iter  has  in  nn"nd  at  present  a  paint  made  from  thirty-five 
jiounds  of  pigment  suspended  in  one  gallon  of  oil.  This  piginent, 
namelv  .\merican  vermilion  (basic  chromate  of  lead),  is  proba- 
bly the  lowest  oil-carrying  pigment  ever  produced  or  applied 
under  actual  practical  conditions,  and  to-day.  after  nearly  four 
years'  exposure  along  the  Atlantic  coa.st,  where  it  has  been  sub- 


Chalkixg  of  White  Lead  and  How  Prevented.      75 

jected  to  the  most  severe  atmospheric  conditions,  it  is  in  ahiiost 
perfect  condition,  showing  absolutely  no  chalking.  Being  a  lead 
pigment  and  being  applied  with  a  shorter  oil  reduction  than  white 
lead  has  ever  been  applied  with,  the  result  would  seem  to  dispose 
of  the  theory  advanced  that  white  lead  should  be  applied  with 
longer  oil  reductions.  If  the  amount  of  oil  and  not  the  amount 
of  pigniient  should  determine  the  service  of  a  paint,  would  not  a 
pigment  such  as  asbestine,  which  requires  enormous  quantities 
of  oil,  form  a  paint  more  durable  than  white  lead  or  any  of  the 
other  white  base  pigments?  We  all  know,  howexer,  that  this 
is  not  wholly  the  case,  and,  moreover,  we  must  look  at  the  ((ues- 
tion  in  a  practical  manner,  for  the  hiding  power  of  a  paint  is  one 
of  the  most  important  properties. 

Hydrate  and  Carbonate. — The  percentage  of  lead  carbonate 
in  corroded  white  lead  determines  its  hiding  power,  while  the 
percentage  of  hydrate  determines  the  oil-carrying  capacity.  When 
the  amount  of  carbonate  runs  to  80  per  cent.,  the  lead  has  a  high 
gravity  and  takes  only  3I4  gallons  of  oil  to  a  hundred  pounds 
of  paste  lead  to  produce  an  easy-spreading  paint  that  will  have 
good  hiding  properties.  When  the  amount  of  carbonate  in  cor- 
roded white  lead  drops  to  60  per  cent,  and  the  hydrate  reaches 
40  per  cent.,  difficulty  in  grinding  is  observed,  even  if  additional 
oil  is  added.  Such  a  product  is  likely  to  harden  and  become 
gummy  in  the  package,  and  upon  thinning  100  pounds  of  paste 
for  application  six  gallons  of  oil  are  required  and  the  product  has 
only  slight  hiding  power.  Corroded  white  lead  that  contains 
about  70  per  cent,  lead  carbonate  and  30  per  cent,  lead  hydrate 
is  probably  the  best  grade  that  can  be  obtained ;  its  oil  absorption 
is  medium  and  its  working  properties  and  hiding-  power  excellent. 

Amalgamation. — The  claim  has  been  advanced  that  the  appli- 
cation of  long  oil  leads  in  repainting  work  is  desirable,  on  account 
of  the  penetration  into  the  old  paint  that  can  be  secured  from 
the  newly-applied  paint,  both  amalgamating  to  form  one  solid 
film.  If  this  phenomenon  really  took  place  under  such  condi- 
tions, a  cross  section  of  the  film  produced  would  probably  appear 
under  the  microscope  as  one  solid  mass  of  pigment  and  oil.  As 
a  matter  of  fact,  this  is  not  the  case,  as  an  examination  of  the 
photomicrographs  that  follow  will  show. 

TJie  Effect  of  Tints  on  Durability. — It  is  very  generally  ad- 
mitted that  tinted  paints  are  far  more  dural)le  than  white  paints. 
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In  the  article  under  discussion,  the  claim  is  made  that  the  in- 
creased durability  of  tinted  paints  is  due  entirely  to  an  increase 
of  oil  brought  to  the  white  paint  by  the  coloring  pigments,  all 
of  which  have  rather  high  oil-carrying  properties.  As  a  matter 
of  fact,  however,  the  amount  of  oil  carried  into  a  white  paint 
by  one  or  two  per  cent,  of  tinting  color  is  too  small  for  considera- 
tion and  is  quite  insufficient  to  give  the  result  claimed  above. 
White  leads  made  by  various  processes  take  up  varying  amounts 


Photomicrograph  of  cross  section  of  paint  film.     Distinct  layers  in  three-coat  work  are  shown 

of  oil,  lOO  pounds  of  some  paste  leads  requiring  only  3^  gal- 
lons of  oil,  while  in  other  cases  leads  made  by  different  processes 
require  as  high  as  6  gallons  of  oil  to  produce  paints  of  a  relative 
consistency.  Upon  exposure  of  such  leads,  there  seems  to  be 
no  material  dif¥erence  in  the  way  they  wear.  This  result  would 
further  indicate  the  fallacy  of  claiming  that  the  extra  durability 
obtained  from  tinted  paints  is  due  to  the  slight  increase  of  oil 
brought  to  them  as  a  contribution  from  the  coloring  matter  used. 
We  must  attribute  the  greater  durability  of  tinted  paints,  there- 
fore, to  the  nature  of  the  added  tinting  pigments  and  to  the  differ- 
ing physical  and  chemical  properties  which  they  bring  to  the 
white  base. 
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Carbonate  and  Oxide  Pigments. — The  carbonate  pigments, 
such  as  lead  carbonate,  calcium  carbonate,  and  barium  carbonate, 
will  all  chalk  when  painted  out  and  exposed  to  the  elements. 
This  chalking-  seems  to  be  a  distinct  feature  of  the  carbonate 
pigments.  While  it  is  true  that  certain  other  pigments  which 
are  not  carbonates  chalk  quite  heavily,  it  is  furthermore  true  that 
the  exception  proves  the  rule.  Pigments  which  are  not  car- 
bonates, but  which  have  other  radicals,  and  which  will  probably 
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be  more  readily  recognized  if  called  by  their  trade  names,  such 
as  red  lead,  zinc  white,  litharge,  etc.,  do  not  possess  chalking 
tendencies,  and  they  form  paints  which  remain  hard  and  glossy 
under  long  exposure.  When  either  carbonate  pigments  or  oxide 
pigments  are  reduced  with  short  or  long  oil  reductions,  the  same 
conditions  hold  true.  It  would  become  at  once  apparent,  there- 
fore, that  if  the  chalking  tendencies  of  the  carbonate  pigments  are 
to  be  overcome  and  corrected,  or  the  excessive  hardness  of  the 
oxide  pigments  is  to  be  reduced,  a  mixture  of  the  two  in  the 
correct  proportions  should  solve  the  problem.  As  a  matter  of 
fact,  mixtures  of  this  type  do  not  become  excessively  hard,  nor 
do  they  chalk  to  any  great  extent,  and,  although  this  principle 


78 


Henry  A.  Gardner. 


was  long-  ago  discovered  and  has  been  used  for  years  by  progres- 
j^ive  painters,  it  must  be  stated  over  and  over  again  in  order  to 
convince  those  who  are  not  thoroughly  familiar  with  the  results 
of  paint  tests. 

Conclusions. — After  considering  the  present  practice  of  some 
of  the  leading  members  of  the  association,  and  summing  up  the 
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results  obtained  from  practical  tests  made  throughout  the  country, 
the  writer  has  formed  the  conclusion  that  the  paint  best  suited 
to  withstand  service  is  a  tinted  paint  made  of  a  proper  mixture 
of  pigments,  carefully  ground  together  and  applied  by  a  painter, 
for  even  the  best  paint  made  must  be  applied  by  skilful  hands, 
backed  by  intelligence,  if  the  best  results  are  to  be  obtained. 
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Hall  of  the  Franklin  Institute, 
Phila.delphia,  December  20,  191 1 

President  Walton  Clark  in  the  Chair. 

Additions  to  membership  since  last  report,  14. 

The  following  nominations  were  made  for  officers  and  managers,  to  be 
voted  for  at  the  annual  election  to  be  held  January  17,   1912 : 

For  President    (to  serve  one  year) — Walton  Clark. 

For  Second  Vice-President   (to  serve  three  years) — James  ]\I.  Dodge. 

For   Third   Vice-President    (to   serve   two   years) — Coleman    Sellers.   Jr. 

For  Treasurer  (to -serve  one  year) — Cyrus  Borgner. 

For  Managers  (to  serve  three  years) — Charles  Day,  George  A.  Hoadley, 
George  E.  Kirkpatrick,  Isaac  Norris,  Jr.,  Lawrence  T.  Paul,  James  S. 
Rogers,  Otto  C.  Wolf,  and  J.  J.  Gibson. 

The  Chairman  then  introduced  Dr.  Edward  L.  Nichols,  Professor  of 
Physics,  Cornell  University,  who  presented  an  interesting  communication 
on  the  subject  of  "  Daylight." 

The  speaker  detailed  the  results  of  his  numerous  experiments  and 
investigations  made  during  a  period  covering  several  years.  He  compared 
daylight  at  different  times  of  day  and  at  different  localities  with  an  acetylene 
standard,  and  described  the  influence  of  clouds  and  mist  on  the  quality  and 
quantity  of   light. 

The  paper  was  illustrated  by  numerous  lantern  slides  of  curves  plotted 
from  man}'  observations. 

In  the  discussion  which  followed  the  reading  of  the  paper,  Mr.  Shuman, 
Drs.   Barnes,  Hoadley,  James,   Goldsmith,  and  others  participated. 

On  motion,  duly  seconded,  the  thanks  of  the  meeting  were  extended  to 
Dr.  Nichols. 

Adjourned. 

R.  B.  Owens,   Secretary. 

COMMITTEE    ON    SCIENCE   AND   THE   ARTS. 

(Abstract  of  Proceedings  of  the  Stated  Meeting  held  JVednesday, 
December  6.  191 1.) 

Hall  of  the  Franklin  Institute, 
Philadelphia,  December  6,  1911. 

Dr.   George  A.  Hoadley    in   the  Chair. 

The  following  report  was  presented  for  final  action : 

No.  2506. — Sherardizing  Metallic  Surfaces.  Referred  back  for  recon- 
sideration. 

The   following   reports   were   presented   for   first   reading : 

No.  2433. — Cornell  Economizer  Company's  Smoke  Prevention.  Reported 
progress. 
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No.  2499. — Santo   Vacuum   Cleaner.     Reported   progress. 
No.  2509. — Spangenberg   Meter    Shelf.      Advisory.     Adopted. 
No.  2510. — Wood's   Antifluctuator.     Advisory.     Adopted. 

R.    B.   Ow^ENS, 
Secretary. 

SECTIONS. 

Section  of  Physics  and  Chemistry. — The  stated  meeting  of  the  Section 
was  held  in  the  Hall  of  the  Institute  on  Thursday  evening,  December  14, 
191 1,  at  8  o'clock,  with  Dr.  Robert  H.  Bradbury,  President  of  the  Section, 
in  the  Chair.  Seventy-three  members  and  visitors  were  present.  The 
minutes  of  the  previous  meeting  were  read  and  approved. 

Dr.  Harry  C.  Jones,  Professor  of  Physical  Chemistry  in  the  Johns 
Hopkins  University,  delivered  an  address  on  "  Recent  Developments  in  the 
Field  of  Physical  Chemistry,  with  Special  Reference  to  Solutions."  The 
work  of  PfefJer  and  Van't  Hofif  on  solutions  and  the  dissociation  theory 
of  Arrhenius  were  reviewed.  Dr.  Jones  then  discussed  his  own  labors  on 
the  occurrence  of  hydrates  and  other  solvates  in  solution,  and  described  the 
methods  of  studying  solvates  by  means  of  freezing  points,  boiling  points, 
and  absorption  spectra.  The  lecture  was  illustrated  by  means  of  lantern 
slides.  The  paper  was  discussed  by  Doctors  Williams,  Bradbury,  and  Jones, 
and  Professor  Henwood.  A  vote  of  thanks  was  extended  to  Dr.  Jones ; 
the  paper  was  referred  for  publication,  and  the  meeting  adjourned. 

Joseph  S.  Hepburn, 
Secretary. 

Philadelphia  Section,  A.  I.  E.  E. — By  invitation  of  the  officers  and  council 
of  the  Philadelphia  Section  of  the  American  Institute  of  Electrical  En- 
gineers, members  of  the  Franklin  Institute  attended  a  meeting  of  the 
Section  on  Monday,  December  ir,  191 1,  in  the  Lecture  Hall  of  the  Phila- 
delphia Electrical  Company. 

The  paper  of  the  evening,  entitled :  "  A  Resume :  Generator  and  Line 
Reactance  and  the  Oil  Switch,"  was  presented  by  Mr.  A.  R.  Cheyney. 


THE  WONDERLAND  OF  THE  SOUTHWEST. 

A  lecture  bearing  the  above  title  was  delivered  in  the  hall  of  the 
Institute  on  Friday  evening,  November  24,  191 1,  by  Mr.  Frederick  Monsen, 
F.R.G.S.,   artist  and   explorer,  before   a  large  audience. 

The  speaker  gave  an  interesting  account  of  his  many  journeys  and 
explorations  in  the  Southwestern  United  States  during  the  past  twenty- 
five  years.  He  described  the  conditions  of  the  Indians  of  that  region  at 
the  present  time  and  in  the  days  prior  to  the  discovery  of  this  country, 
the  latter  as  evidenced  by  archaeological  records  of  ruins  and  works  of 
art.  Numerous  anecdotes  relating  to  the  inhabitants  and  incidents  of  travel 
held  the  audience  throughout. 

The  impressive  scenery  of  this  comparatively  unfrequented  land  was 
beautifully  depicted  in  the  colored  views  shown,  and  to  the;  awe-inspiring 
grandeur  of  the  caiions  of  Arizona  and  Colorado  full  justice  was  rendered 
by  the  speaker. 
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Carpenter,   C.   U. — Profit-making  in  Shop  and  Factory  Management. 

Church,    A.    H. — Production    Factors    in    Cost   Accounting. 
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Bologna,    1910.      (From  the  Academy.) 

Bologna.  R.  Accademia  delle  Scienze,  Rendiconto  delle  Sessioni,  1909^1910. 
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Canada  Department  of  Mines.  Summary  Report  of  the  Mines  Branch 
for  the   year    1910.     Ottawa,    191 1.      (From   the   Department.) 

Zi-Ka-Wei  Observatoire.  Bulletin  des  Observations,  Tome  34,  1908.  Fas- 
cicule  B.   Meteorologie.     Shanghai,    191 1.      (From   the   Observatory.) 

Institution  of  Civil  Engineers.  Minutes  of  Proceedings,  vol.  185,  1910-11, 
part   3.      London,    191 1.       (From    the    Institution.) 

Massachusetts  Bureau  of  Statistics.  Third  Annual  Report  of  the  Statistics 
of  Municipal  Finances.     Boston,   1911.      (From   R.  D.  Jenks,   Esq.) 

Manchester  Municipal  School  of  Technology.  The  Journal,  vol.  4,  1910. 
Manchester,  191 1.     (From  the  School.) 

National  Association  of  Cotton  Manufacturers.  Transactions,  No.  90,  April 
12-13,    1911.      Boston,    1911.      (From    the    Association.) 

Governmental  Supervision  of  Banking  Throughout  the  World.  New  York, 
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and    Ore    Deposits    of    the    Breckenridge    District,    Colorado,    by    F.    L. 

Ransome.     Washington,    191 1.      (From  the   Survey.) 
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Oklahoma  Geological  Survey.     Bulletin  8,  Preliminary  Report  on  the  Road 

Materials  and  Road  Conditions  of  Oklahoma,  by  L.  C.  Snider.     Norman, 

191 1.     (From  the  Survey.) 
U.  S.  Commissioner  of  Labor.     25th  Annual  Report,  1910.     Industrial  Educa- 
tion.     Washington.    191 1.       (From    the    Department    of    Commerce    and 

Labor.) 
"Underground    Jerusalem."      Discoveries    on    the    Hill    of    Ophc!,     1909-11. 

London,   1911.      (From  the   "Field"   Office.) 
National   Electric  Light  Association.     Thirty-fourth   Convention,   ]\Iay,    191 1. 

2  vols.     New  York,  n.  d.     (From  the  Association.) 
U.   S.   Library   of   Congress.      Report   of   the   Librarian,    191 1.      Washington. 

191 1.     (From  the  Library.) 
U.    S.    Civil    Service    Commission.      Twenty-Seventh    Annual    Report,    1910. 

Washington,    191 1.      (From    the    Commission.) 
Scotland  Institution  of  Engineers   and   Ship-builders.     Transactions,   vol.   54, 

1910-11.     Glasgow.   1911.      (From   the   Institution.) 
British   India   Forest   Administration.   Review    for   the   year    1909-TO.     Simla, 

191 1.     (From  the  Administration.) 


BOOK  NOTICES. 

Annual   Tables   of  Constants    and    Data,    Chemical,    Physical    and    Tech- 
nological. 
The    first   volume   of   the    alcove    work,    which    has    been    compiled    by   an 

International   Commission   appointed   by  the   Seventh   International   Congress 

of  Applied  Chemistry,  will   shortly  appear   from  the  press. 

The  Tables   will   form   a   volume  of   about   400  pages   and   will   cover   a 

wide   range   of   scientific   and   technical   literature   collected   from   more   than 

300    periodicals    on    chemistry,    physics,    and    allied    sciences. 

The    terms    of    subscription    and    descriptive    leaflets    may    be    obtained 

from    any    one    of    the    three    American    Commissioners :    Dr.    G.    N.    Lewis, 

the    Massachusetts    Institute    of    Technology,    Boston,    Mass.  ;    Prof.    C.    F. 

Hull,    Dartmouth    College,    Hanover,    N.    H.,    and    Prof.    J.     Stieglitz,    the 

University  of  Chicago,   Chicago,   111. 

It  is   announced   that   the   price   of   the  volume   may   be   advanced   about 

January   15. 
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Portland  Cement:  Its  Composition,  Raw  Materials,  Manufacture, 
Testing  and  Analysis.  By  Richard  K.  Meade,  M.S.  Second  edition.  512 
pages,  illustrations,  plates,  8vo.  Easton,  Pa.,  Chemical  Publishing  Company, 
191 1.     Price,  $4.50. 

Fertility  and  Fertilizer  Hints.  By  James  Edward  Halligan.  155  pages, 
illustrations.  8vo.  Easton,  Pa.,  Chemical  Publishing  Company,  191 1. 
Price,  $1.25. 

A  brief  Laboratory  Guide  for  Qualitative  Analysis.  By  Arthur  E.  Hill, 
Ph.D.  80  pages,  i2mo.  Easton,  Pa.,  Chemical  Publishing  Company,  191 1. 
Price,  $1.00. 

Quantitative  Chemical  Analysis  Adapted  for  Use  in  the  Laboratories 
of  Colleges  and  Schools.  By  Frank  Clowes,  D.Sc,  and  J.  Bernard  Coleman, 
A.R.C.Sc.  Ninth  edition.  565  pages,  illustrations,  8vo.  Philadelphia,  P. 
Blakiston's  Son  &  Co.,  1911.     Price,  $3.50. 

Ueber  gerichtete  drahtlose  Telegraphic  mit  Erdstromen  von  L.  Zehnder. 
Sonder-Abdruck  aus  den  Verhandlungen  der  Deutschen  Physikalischen 
Gesselschaft.  xiii  Jahrgang  Nr.  21.  2  pages,  illustrations,  8vo.  Braunschweig, 
Fr.  Vieweg  &   Sohn,    191 1. 

Beruht  die  drahtlose  Telegraphic  auf  der  Ausstrahlung  Hertzscher 
Wellen  in  der  Erde  von  L.  Zehnder.  Sonder-Abdruck  aus  der  Elektrotech- 
nischen  Zeitschrift,  191 1.     Heft  44,  5  pages,  8vo.     Berlin,  Julius  Springer. 

Factories  and  Warehouses  of  Concrete.  223  pages,  illustrations,  8vo. 
Philadelphia,  Association  of  American  Portland  Cement  Manufacturers, 
191 1.     Price,  50  cents. 
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ENGINEERING  AND  TECHNICAL  SOCIETIES. 

Directory  and  Meetings. 

American  Association  for  the  Advancement  of  Science,  Mr.  L.  O. 
Howard,  Secretary,  Smithsonian  Institution,  Washington,  D.  C. — Annual 
meeting,  December. 

American  Electric  Raihvay  Association,  Mr.  H.  C.  Donecker,  Secretary, 
29  West  39th  Street,  New  York,  N.  Y. — Annual  movable  convention.  Mid- 
year   conference,    New    York. 

American  Electrochemical  Society,  Dr.  J.  W.  Richards,  Secretary,  South 
Bethlehem,  Pa. — General   meeting,   April. 

American  Foundrymen's  Association,  Mr.  Richard  Moldenke,  Secretary, 
Watchung,   N.   J. — Convention,   Bufifalo,  June  4,   5   and  6,   1912. 

American  Institute  of  Chemical  Engineers,  Mr.  John  C.  Olsen,  Secretary, 
Polytechnic   Institute,    Brooklyn,    N.    Y. — Annual    meeting,    December. 

American  Institute  of  Electrical  Engineers,  ]\Ir.  F.  L.  Hutchinson,  Acting 
Secretarj^  ^li  West  39th  Street,  New  York,  N.  Y. — Monthly  meetings,  second 
Friday.     Panama  Trip,  January  17,  1912. 

American  Institute  of  Mining  Engineers,  Mr.  Rossiter  W.  Raymond, 
Secretary,  29  West  39th   Street,   New   York,  N.   Y. 

American  Iron  and  Steel  Institute,  Mr.  W.  J.  Filbert,  Secretary,  30 
Church  Street,  New  York,  N.  Y. 

American  Mathematical  Society,  Mr.  F.  N.  Cole,  Secretary,  30  West 
ii6th  Street,  New  York,  N.  Y. — Annual  meeting,  December.  Regular  meet- 
ings,  February  4,  April  7,   October   6,    1912.     Columbia   University. 

American  Philosophical  Society,  Secretaries,  104  South  5th  Street,  Phila- 
delphia. 

American  Physical  Society,  Mr.  Ernest  Merritt,  Secretary,  Cornell 
University,  Ithaca,  N.  Y. — Annual  meeting,  December. 

American  Raihvay  Master  Mechanics'  Association,  Mr.  J.  W.  Taylor, 
Secretary,  Old  Colony  Building,  Chicago,  111. 

American  Society  of  Chemical  Engineers,  Mr.  John  C.  Olsen,  Secretary, 
American  Society  of  Chemical  Engineers,  Polytechnic  Institute,  Brooklyn, 
N.   Y. — Annual   meeting,   December. 

American  Society  of  Civil  Engineers,  Mr.  Charles  Warren  Hunt,  Sec- 
retary, New  York,  N.  Y. — Annual  meeting.  New  York,  January  17  and  18, 
1912.     Meetings,  first  and  third  Wednesdays,  except  June,  July,  and  August. 

American  Society  of  Mechanical  Engineers,  Mr.  Calvin  W.  Rice,  Sec- 
retary, New  York,  N.  Y. — Annual  meeting,  December. 
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American  Society  of  Municipal  Improvements.  Mr.  A.  P.  Folwell,  Sec- 
retary, 239  West  39th  Street,  New  York,  N.  Y. — Annual  meeting,  Dallas, 
Tex.,  .November    12-15,    1912. 

American  Society  for  Testing  Materials,  Dr.  Edgar  Marburg,  Secretary, 
University  of  Pennsylvania,   Philadelphia. — Annual  meeting. 

Association  of  Engineering  Societies,  Mr.  Fred.  Brooks,  Secretary,  31 
Mills  Street,  Boston,  Mass. — No  meetings. 

Canadian  Electrical  Association,  Mr.  T.  S.  Young.  Secretary,  Toronto, 
Canada. 

Engineers'  Club  of  Philadelphia,  Mr.  W.  P.  Taylor,  Secretary,  Phila- 
delphia.— Meetings,  first  and  third  Saturdays,  except  last  in  June  to  first 
in    September. 

Engineers'  Society  of  Western  Pennsylvania,  Mr.  Elmer  K.  Hiles,  Sec- 
retary, 251 1  Oliver  Building,  Pittsburgh,  Pa. — Mechanical  Section  meets 
bi-monthly. 

Illuminating  Engineering  Society,  Mr.  Preston  S.  Millar,  Secretary,  New 
York,   N.   Y. 

Master  Car  Builders'  Association,  Mr.  J.  W.  Taylor,  Secretary,  390  Old 
Colony  Building,   Chicago,   III. — Annual   meeting. 

National  Academy  of  Sciences,  Mr.  Arnold  Hague,  Secretary,  U.  S. 
Geological    Survey,   Washington,    D.   C. 

National  Association  of  Cotton  Manufacturers.  Mr.  C.  J.  H.  Woodbury, 
Secretary,   Boston,   Mass. — Meets  April   and   December. 

National  Electric  Eight  Association,  Mr.  T.  C.  Martin,  Secretary,  t,^ 
West  39th   Street,   New  York,   N.  Y. — Animal  convention,   Seattle,  June. 

Raihvay  Signal  Association,  Mr.  C.  C.  Rosenberg,  Secretary,  Bethlehem. 
Pa. — Meetings,  Chicago,  March  18,  1912;  New  York,  June  11,  1912.  Annual 
movable  convention.  October  8,  1912. 

Society  of  Automobile  Engineers,  Coker  F.  Clarkson,  General  Manager. 
1451  Broadway,  New  York,  N.  Y. — Annual  meeting.  New  York,  January 
18-20,   1912. 

Society  for  the  Promotion  of  Engineering  Education.  Prof.  H.  H.  Norris. 
Secretary,   Cornell   University,   Ithaca,    N.    Y. 

Western  Society  of  Engineers,  Mr.  J.  H.  Warder,  Secretary,  1735  Monad- 
nock  Block,  Chicago,  111. — Annual  meeting,  January  10,  1912.  Monthly  meet- 
ings, first  Wednesday,  except  January,  July,  and  .\ugust.  Section  meetings, 
other   Wednesdays,   except   July   and    August. 
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Dr.  Alex.  C.  Humphreys  and  the  American  Society  of 
Mechanical  Engineers. — Before  a  great  assemblage  of  prominent 
engineers,  Dr.  Alex.  C.  Humphreys,  already  eminent  as  president 
of  Stevens  Institute,  and  as  one  of  the  foremost  gas  plant  engineers 
in  this  country,  was  installed  on  December  5,  191 1,  as  president  of 
the  American  Society  of   Mechanical  Engineers. 

Dr.  Humphreys  has  been  a  member  of  the  Franklin  Institute 
since  1889,  and  is  also  a  member  of  its  Committee  on  Science  and 
the  Arts. 

Alloys  of  Cobalt  with  Chromium.  E.  Haynes.  (lour.  hid. 
and  En^.  Chem.,  ii,  397.) — The  color  of  the  cobalt-chromium 
alloys  is  between  that  of  steel  and  silver.  These  alloys  have  a  re- 
markable resistance  to  corrosion,  only  equalled  by  gold  and  the 
platinum  metals.  Nitric  acid  and  solutions  of  caustic  alkalies  have 
no  action  on  some  of  these  alloys,  which  are  likewise  impervious 
to  all  atmospheric  influences.  On  heating  in  air  they  retain  their 
color  up  to  500°  C,  when  a  faint  straw  color  is  apparent,  which 
deepens  as  the  temperature  rises.  No  scale  is  formed  even  when 
heated  to  bright  orange.  V^arious  suggestions  are  made  as  to  the 
uses  to  which  these  alloys  can  be  applied. 

Electronic  Charge.  J.  Roux.  (Camptes  Rendus,  clii,  1168.) 
— By  the  pulverization  of  liquid  sulphur  spherical  charged  parti- 
cles are  obtained.  These  particles  solidify  without  crystallizing, 
and,  like  Millikan's,  can  be  followed  for  several  hours  in  a  micro- 
scope, slowly  descending  by  gravitation,  rising  in  an  electric  field 
and  sometimes  suddenly  parting  with  an  electron  under  the  ob- 
server's eyes.  In  applying  Stokes's  law,  Millikan  assumes  that 
there  is  no  recoil  of  the  air  particles  from  the  droplets.  But  that 
is  an  improbable  assumption.  If  there  is  elastic  recoil  the  numeri- 
cal coefficient  will  be  doubled  and  the  electronic  charge,  instead  of 
being  4.9  X  10 -'°,  will  be  4.4  X  10-^".  Observations  on  sulphur 
drops  lead  to  the  value  of  4.17  X  10-^",  which  is  close  to  the  value 
obtained  from  Brownian  motions. 

Use    of    Radio- Activity    in    Brewing.     W.    Caspary.     (Allg. 

Brauer  u.  Hopfen  Zeit.,  1911,  1647.) — Recent  investigations  have 

shown  that  radio-active  emanation  has  an  important  influence  on 

the  growth  and  function  of  yeast.     The  application  of  this  to  the 
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production  of  uniform,  strongly  aromatic,  and  palatable  beers  is 
proposed.  One  or  more  cylinders  containing  emanation  are  low- 
ered into  the  wort  during  fermentation.  Storage  casks  are  simi- 
larly provided,  the  development  of  aroma  during  after-fermenta- 
tion being  improved  thereby. 

The  Structure  of  Galvanized  Iron.  W.  Guertler.  (Int.  Z. 
Metallog.,  i,  353.) — Iron  is  coated  with  zinc  (i)  by  dipping  in 
molten  zinc,  (2)  by  immersing  in  zinc  dust  and  heating  (Sherard- 
izing),  and  (3)  electro lytically.  In  the  first  two  processes,  the 
zinc  immediately  in  contact  with  the  iron  combines  to  form  a  layer 
of  crystals  of  the  composition  FeZug.  The  electrolytic  process  also 
gives  rise  to  an  intermediate  layer,  but  small  in  amount,  and  its 
nature  is  not  definitely  known.  The  compound,  FeZug,  is  electro- 
negative to  both  zinc  and  iron,  and,  therefore,  when  it  becomes 
exposed,  by  the  removal  of  the  outer  coating  of  zinc,  it  accelerates 
corrosion  at  the  expense  of  both  metals.  The  zinc  coating  ob- 
tained by  dipping  always  shows  some  included  crystals,  approxi- 
mately FeZn^,  which  are  also  electronegative  to  zinc  and  accelerate 
the  corrosion  of  the  zinc  coating.  The  zinc  coatings  obtained  by 
Sherardizing  and  electrolytically  are  porous.  No  one  of  the  three 
processes  can  be  considered  as  having  any  marked  superiority. 

Syrian  Self-burning  Limestone.  Anon.  (Oil,  Paint,  and 
Drug  Reporter,  August  7,  191 1.) — The  United  States  Consul  at 
Jerusalem  states  that  while  making  a  trip  through  the  Hauran  he 
was  shown  a  curious  stone  which  might  be  considered  a  self-burn- 
ing limestone.  The  rock  lay  in  a  stratum  between  ordinary  lime- 
stone ;  was  of  a  grayish-black  color,  and  had  an  odor  of  petroleum 
when  freshly  broken.  It  is  easy  to  quarry,  as  the  rock  is  soft  and 
full  of  seams.  The  stone  is  broken  into  small  pieces  and  burned  in 
a  clamp.  After  about  twelve  hours  the  stone  is  converted  into 
lime.  The  lime  is  white,  and  is  said  to  make  a  very  strong  plaster, 
but  sells  at  a  low  figure  because  of  the  low  cost  of  production. 

Manufacture  of  Dynamos.  Anon.  (Amer.  Mach.,  xxxv, 
13,  594.) — The  most  important  generic  group  of  electrical  ma- 
chinery includes  dynamos,  dynamotors,  motor  generators,  and  simi- 
lar machines.  The  number  of  dynamos  manufactured  annually  in- 
creased from  10,527  in  1899  to  15,080  in  1904  and  16,791  in  1909, 
an  increase  of  59  per  cent,  for  the  decade.  The  values  for  each 
year  respectively  were  $10,473,000,  $11,084,000,  and  $13,081,000. 
As  a  rule  much  larger  and  more  powerful  dynamos  were  manu- 
factured in  1909  than  in  the  previous  years  so  that,  while  the  aver- 
age value  of  machines  manufactured  was  greater  in  1909,  they 
represented  a  lower  cost  for  corresponding  capacity.  The  average 
capacity  per  machine  increased  from  55  kilowatts  in  1899  to  66  in 
1904  and  84  in  1909. 
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Automobile  Exports.  Anon.  (Amer.  Mach.,  xxxv,  15,  702'.) 
— Canada  is  by  far  the  largest  market  for  automobiles  exported 
from  the  United  States.  Of  approximately  9,000  machines  ex- 
ported in  the  seven  months  ended  with  July,  191 1,  3,724  went  to 
Canada,  1,875  to  the  United  Kingdom,  983  to  British  Oceania 
(chiefly  to  Australia  and  New  Zealand),  477  to  Asia  and  non- 
British  Oceania,  444  to  South  America,  273  to  France,  175  to  the 
West  Indies  and  Bermuda,  147  to  Mexico,  137  to  Italy,  and  73  to 
Germany.  These  figures  do  not  include  the  shipments  to  non-con' 
tiguous  territory  of  the  United  States,  the  number  sent  to  Hawaii 
was  202,  to  Porto  Rico  154,  and  to  Alaska  2. 

Tantalum  for  Standard  Weights.  Comite  Internat.  des 
PoiDS  ET  Mesures.  (Proces  Verhaux  des  Seances,  ii,  6;  Nature, 
Aug.  24,  191 1,  251.) — Owing  to  the  high  price  of  platinum  a 
suitable  substitute  has-  been  sought  for  the  construction  of  stand- 
ard weights.  Tantalum,  which  resists  all  mineral  acids  except 
hydrofluoric  acid,  is  found  to  have  the  necessary  permanence  and 
hardness,  and  it  is  suggested  that  a  series  of  standard  weights  of 
100  grammes,  made  of  tantalum,  should  be  established  for  use  in 
chemical  research.  The  cost  would,  probably,  not  exceed  one- 
third  of  that  of  iridio-platinum  weights. 

Monazite  Sand  from  Travancore,  India.  Anon.  (Bull.  Imp. 
Inst.,  ix,  103.) — A  considerably  extensive  deposit  of  naturally  con- 
centrated monazite  sand  has  been  discovered  near  Quilon,  Travan- 
core, India.  This  sand  contains  4  per  cent,  of  thoria,  and  consists 
of  from  46  to  50  per  cent,  of  monazite,  with  ilmenite  and  zircon 
as  the  other  chief  constituents,  together  with  some  rutile  and  traces 
of  spinel,  garnet,  quartz,  and  hornblende.  A  specimen  of  pure 
monazite  separated  from  the  sand  contained  8.5  per  cent,  thoria. 
The  monazite  can  be  concentrated  by  an  electro-magnet.  A  spe- 
cially-prepared concentrate  contained  8.87  per  cent,  thoria,  and  pure 
monazite  separated  from  this  contained  10.08  per  cent,  of  thoria. 
The  commercial  concentrate  contains  5  to  6  per  cent,  thoria,  as 
compared  with  less  than  4  per  cent,  in  the  Brazilian  sand,  and  the 
pure  monazite  from  the  Travancore  deposit  is  richer  than  that  from 
the  Brazilian  and  Carolina  deposits,  resembling  the  monazite  from 
Ceylon. 

Paper  as  a  Substitute  for  Goldbeaters'  Skin.  W.  Theobald. 
(Papier-fabrikant,  ix,  983.) — Many  attempts  have  been  made  to 
introduce  paper  as  a  substitute  for  the  costly  prepared  skins  used 
by  goldbeaters,  but  only  with  partial  success.  Paper  was  em- 
ployed before  goldbeaters'  skin  for  making  leaf  metals,  and  the 
Chinese  and  Japanese  still  use  paper,  made  from  the  fibres  of  the 
mulberry  tree  for  goldbeating.     For  the  first  stages  of  goldbeating. 
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animal  parchment  has  been  used  since  the  seventeenth  century; 
also  vegetable  parchment  in  the  later  stages.  Comparative  experi- 
ments have  shown  that  animal  parchment  permits  only  a  relatively 
very  slight  reduction  of  the  metal  sheet ;  parchment  paper  allows 
the  metal  to  be  beaten  somewhat  thinner,  but  when  the  limit  is 
passed  the  metal  adheres  so  firmly  to  the  paper  that  it  cannot  be 
separated  without  damage.  According  to  a  process  devised  by 
J.  Heinrich  (Ger.  Pat.  123,197),  thin,  tough  paper  of  substance  of 
25  to  30  grammes  per  square  metre  is  steeped  in  a  hot  solution  of 
borax  or  alum.  The  paper  is  stretched  over  frames,  and  a  coat- 
ing, first  of  albumin  and  then  of  isinglass  solution,  is  applied,  first 
to  one  side  and  then  to  the  other.  Papers  of  various  kinds  are  now 
used  in  many  goldbeaters'  shops,  but  only  for  the  first  stages;  the 
leaf  metal  is  always  finished  between  ordinary  goldbeaters'  skin. 
Leaf  made  from  baser  metals,  however,  is  beaten  throughout  be- 
tween paper.  A  papr  which  will  serve  all  the  purposes  of  skin 
for  the  manufacture  of  gold-leaf  has  yet  to  be  discovered. 

Corrosion  of  Iron  Machinery.  Anon.  (Sci.  Amer.,  civ.,  21, 
54Q.) — Warner  and  Davey,  in  England,  have  investigated  the  cor- 
rosion observed  in  iron  machinery  used  in  certain  industries,  espe- 
cially in  the  production  of  illuminating  gas.  No  serious  corrosion 
is  caused  by  the  cold  ammoniacal  liquors,  but  the  tar  may  corrode 
the  distilling  tubes.  This  is  chiefly  due  to  the  presence,  in  the  tar, 
of  ammonium  chloride,  sulphide,  and  cyanide,  which  are  disso- 
ciated at  a  high  temperature.  The  parts  of  the  tubes  that  are  most 
rapidly  corroded  are  those  which  are  subjected  to  irregular  defor- 
mation from  alternate  expansion  and  contraction  due  to  changes  of 
temperature. 

The  New  Armor  Plate.  Anon.  {Sci.  Amer.,  civ,  24,  612.) — 
The  Simpson  armor  plate,  of  which  so  much  is  heard  to-day,  is 
broadly  similar  to  the  old  compound  armor  plate,  which  was  made 
by  welding  a  hard  steel  face  upon  a  soft  steel  or  iron  backing.  This 
armor  was  imperfect,  the  face  breaking  away  from  the  backing 
when  struck  by  a  projectile.  Simpson  secures  a  bond  by  welding 
a  thin  plate  of  copper  between  the  two  layers  of  steel.  A  superior- 
ity of  25  per  cent,  is  claimed  over  Krupp  armor.  This  is  due  to 
the  fact  that  the  face  of  hard  steel  that  can  be  welded  on  by  this 
process  is  much  thicker  than  that  which  can  be  welded  on  by  the 
old  method. 

Silica  Glass.  Anon.  {Sci.  Amer.,  civ,  14,  367.) — Such  ex- 
tensive use  has  been  made  during  the  past  few  years  of  silica  glass 
for  chemical  apparatus  that  it  became  necessary  to  devise  a  method 
whereby  this  glass  might  be  produced  in  the  electric  furnace  instead 
of  by  the  oxyhydrogen  blowpipe.    To  produce  perfectly  transparent 
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silica  glass  from  melted  quartz  an  artifice  is  required,  because  on 
reaching  the  temperature  of  600°  C.  the  quartz  splits  and  minute 
bubbles  of  air  fill  the  mass.  This  can  be  prevented  by  first  raising 
the  temperature  of  the  quartz  to  a  point  little  under  600°,  and  then 
surrounding  it  with  liquid  silica  at  a  temperature  of  2000°  C.  The 
liquid  silica  acts  as  a  shield  to  prevent  the  entrance  of  air  when  the 
quartz  splits,  and  thus  the  formation  of  bubbles  is  avoided. 

Artificial  Leather.  Anon.  (ScL  Amer.,d\,  21,  c,4g.) — The  price 
of  leather  is  rising  rapidly,  and  several  inventors  are  endeavoring 
to  produce  satisfactory  substitutes  for  this  material.  M.  Louis 
Gevaert,  of  Beveren-les-Audenarde,  has  been  so  remarkably  suc- 
cessful in  his  efforts  that  he  was  awarded  a  prize  of  5,000  francs 
by  an  Agricultural  Committee  of  Terni.  The  process  was  patented 
in  1907  and  perfected  by  successive  steps.  It  consists  of  the  more 
or  less  intimate  impregnation  of  stout  cotton  cloth  with  tannic 
albuminoid  substances.  Shoes  made  of  this  are  said  to  possess  not 
only  the  resistance  and  elasticity  of  natural  leather,  but  also  its 
durability  of  wear.  They  are  much  cheaper  than  leather,  costing, 
including  manufacture,  only  about  four  francs  and  selling  for  about 
six  francs  per  pair. 

Electricity  in  Indian  Mills.  Anon.  (Sci.  Amer.,  civ,  14, 
365.) — The  mills  in  Bombay  are  largely  driven  by  steam  power  at 
present,  and  this  proves  to  be  very  costly.  A  scheme  has  been 
started  to  generate  the  power  required  from  stored  water.  Dur- 
ing the  monsoon  water  is  to  be  collected  and  stored  in  large  reser- 
voirs up  in  the  ghats  about  forty  miles  from  Bombay.  The  val- 
leys which  are  being  dammed  are  close  to  a  fall  of  1,740  feet,  and 
it  is  the  power  of  this  fall  which  is  to  be  utilized.  The  transmis- 
sion line  to  Bombay  is  about  forty-three  miles  long,  and  a  voltage 
of  80,000  will  be  used  in  the  line.  In  Bombay  it  will  be  trans- 
formed to  varying  voltages  for  distribution  to  consumers,  which 
will  be  principally  the  cotton  mills.  These  mills  alone  now  use 
about   100,000  horse-power. 

Absorption  of  Hydrogen  by  Tantalum  and  Tungsten.     A. 

SiEVERTS  and  E.  Bergner.  {Ber.  xliv,  2394.) — The  solubility  of 
hydrogen  and  nitrogen  in  tantalum  up  to  1330°  C.  has  been 
measured.  At  constant  pressure  the  solubility  decreases  as  the 
temperature  rises,  and  at  constant  temperature  is  proportional  to 
the  square  root  of  the  pressure.  Heating  in  hydrogen  causes  a 
structural  change  in  the  metal,  which  becomes  brittle  and  crystalline. 
The  original  condition  is  not  restored  by  removing  the  hydrogen, 
but  only  by  heating  nearly  to  the  melting  point.  Tantalum  reacts 
slowly  with  nitrogen  above  900°  C,  forming  a  nitride.  Tungsten 
dissolves  very  little  hydrogen  and  does  not  react  with  nitrogen  at 
any  temperature  up  to  1500°  C. 
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Heat  of  the  Evaporation  of  Oxygen.  Hermann  Barschall. 
(Zeit.  Elektrochemie,  xvii,  345-) — ^The  experiments  were  con- 
ducted by  Estreicher's  method,  by  passing  a  measured  amount  of 
electrical  energy  through  a  small  resistance  coil  suspended  in  the 
liquid  oxygen,  and  measuring  the  volume  of  the  resultant  gaseous 
oxygen.  Special  precautions  were  taken  to  prevent  the  introduc- 
tion of  heat  other  than  that  supplied  by  the  current.  The  mean  of 
six  determinations  is  51.3  calories  per  gramme  at  760  millimetres 
pressure. 

Application  of  Electricity  in  the  Metallurgical  Industry  of 
Italy.  R.  Catani.  {Iron  and  Steel  Inst.,  October,  191 1.)  — 
Stassano's  experiments  on  the  production  of  steel  directly  from  the 
ore  are  described,  with  full  details  of  the  composition  of  the  ore, 
charcoal,  and  flux  used.  A  steel  containing  o.i  per  cent,  each  of 
carbon,  manganese,  and  silicon  was  obtained  with  a  consumption 
of  4187  kilowatt-hours  per  ton.  In  later  trials  an  ore  containing 
48.09  per  cent,  of  iron  was  crushed  and  briquetted  with  25  per  cent, 
sodium  silicate,  and  from  this  a  steel  was  produced  containing  0.26 
per  cent,  carbon,  0.21  of  manganese,  0.03  of  silicon,  o.oi  of  phos- 
phorus, and  0.04  of  sulphur,  with  a  consumption  of  4250  kilowatt- 
hours  per  ton.  A  description  is  given  of  the  production  of  steels 
from  scrap  iron,  ferrosilicon  and  ferromanganese  in  various  types 
of  furnace,  with  a  tabulated  statement  of  the  composition  of  the 
materials  and  the  steel.  Working  with  a  liquid  steel  from  a  4-ton 
open-hearth  furnace,  containing  0.08  per  cent,  of  carbon,  0.03  of 
silicon,  and  0.08  of  manganese,  and  recarburizing  with  pig  iron,  a 
steel  containing  0.6  per  cent,  of  carbon,  0.025  per  cent,  of  silicon, 
and  0.12  of  manganese  was  obtained.  Carcano,  working  with 
powdered  pyrites  residues,  containing  47.0  per  cent,  of  iron,  12.25 
of  silicon,  18.8  of  aluminum,  and  2.6  of  sulphur,  and  with  a  basic 
slag,  produced  an  iron  containing  0.058  per  cent,  of  sulphur,  0.075 
of  phosphorus,  2.17  of  manganese,  and  4.46  of  silicon.  There  were 
628  tons  of  ferrosilicon  manufactured  in  1909.  By  using  an  iron 
silicate  ore  and  quartz,  alloys  containing  up  to  25  per  cent.  ^  of 
silicon  were  produced.  By  using  1300  kilos  of  an  ore  containing 
75.5  per  cent,  of  ferrous  oxide  and  9  of  silica,  with  2330  kilos  of 
quartz  and  1000  kilos  of  coke,  an  alloy  containing  40  per  cent,  of 
silicon  was  produced. 

Diamonds  and  Platinum  in  British  Columbia.  (Rept.  of  Geol. 
Survey  of  Canada,  1910.) — Diamonds  have  recently  been  discovered 
in  a  sample  of  chromite  taken  from  the  peridot  of  Olivine  Moun- 
tain, about  seven  miles  west  of  Tulameen  Village,  British  Columbia. 
This  is  the  first  recorded  discovery  of  diamonds  in  Canada,  either 
in  solid  rock  or  in  placer.  In  one  large  sample  of  rock  which  was 
worked  down  for  diamonds,  one  or  two  particles  of  native  gold 
and  several  particles  of  native  platinum  were  found  accompanying 
the  diamond  residuum.    Results  obtained  in  a  search  for  the  original 
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source  of  the  platinum  of  the  Tulameen  district  showed  that  this 
mineral  was  often  found  in  appreciable  quantity  with  the  chroniite, 
sometimes  as  much  as  half  an  ounce  to  the  ton.  The  chromite 
segregations  are  too  small  and  too  far  apart  to  make  the  extraction 
of  platinum  commercially  profitable.  The  gold  is  in  even  smaller 
quantity  than  the  platinum.  Part  of  the  chromite  is  magnetic  and 
part  non-magnetic. 

Concentration  and  Isolation  of  Radioactive  Substances  by 
Fractional  Adsorption.  E.  Ebler  and  M.  Fellner.  (Ber.,  xliv, 
2332.) — The  adsorption  of  radioactive  substances  in  solution  by 
means  of  gelatinous  siHcic  acid  is  suggested  as  a  suitable  process 
for  their  fractional  separation  or  isolation.  The  substance  is  shaken 
with  a  convenient  quantity  of  water  and  silicic  acid  in  a  sealed 
glass  tube  for  some  time,  raising  the  temperature  if  necessary. 
The  silicic  acid  gel  is  then  separated  by  filtration  or  with  a 
centrifuge.  The  silicic  acid  is  then  volatilized  as  silicon  fluoride, 
leaving  the  adsorbed  substance  as  a  residue.  In  a  series  of  ex- 
periments with  barium-radium  chloride,  the  activity  of  the  ad- 
sorbed portion  was  from  11  to  35  times  that  of  the  non-adsorbed 
portion.  Solutions  containing  radio-lead  and  uranium  X  gave 
equally  satisfactory  results. 

Aluminum-Zinc  Alloys.  A.  Portevin.  {Rev.  Met.,  viii, 
721.) — Ten  alloys  of  zinc  and  aluminum,  increasing  by  steps  of  10 
per  cent,  of  aluminum,  were  cast  in  sand,  and  the  results  of  the 
mechanical  tests,  elasticity,  hardness,  shearing  strain,  and  the 
thermo-electromotive  force  against  copper,  are  tabulated  and  curves 
given.  The  tensile  strength  reaches  a  maximum  at  60  per  cent,  of 
aluminum  corresponding  to  the  limit  of  solid  solution ;  the  Brinell 
hardness  test  shows  a  similar  maximum  at  60  per  cent,  aluminum, 
and  a  second,  less  marked  one,  between  10  and  30  per  cent.  The 
thermoelectric  force  increases  with  the  content  of  aluminum.  The 
alloys  were  forged  and  then  annealed  for  one  hour  at  300°  C. 
Forging  very  greatly  increases  the  tensile  strength  and  elongation, 
while  annealing  decreases  these  properties,  the  yield  point  being 
greatly  lowered. 

Incandescence  Mantles  made  from  Artificial  Silk.  Nass.  (/. 
Gasheleucht,  liv,  938.) — Mantles  made  from  continuous  fibres  of 
artificial  silk  are  now  purchasable.  Microphotographs  show  that 
the  fibres  remain  distinct  and  unbroken  while  in  use,  whilst  the 
short  fibres  in  mantles  made  from  cotton  or  ram.ie  untwist  more 
or  less  from  the  original  structure  of  the  spun  yarn.  Hence 
mantles  made  from  artificial  silk  are  the  strongest  and  most  durable. 
When  tested  on  Drehschmidt's  machine,  which  subjects  the  mantle 
to  a  recorded  number  of  shocks,  a  good  ramie  mantle  will  endure 
from  500  to  1,000  shocks  when  new,  but  only  100  after  ten  hours' 
use.    Artificial  silk  mantles  will  endure  6,000  shocks  when  new,  and 
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will  support  a  suspended  weight  of  20  grammes ;  after  500  hours' 
use  they  will  support  15  grammes.  An  artificial  silk  mantle  lasted 
seven  weeks  on  a  high-pressure  burner  on  which  a  ramie  mantle 
lasted  only  six  days. 

Prevention  of  the  Contamination  of  Water  Supplies  by  Waste 
Lyes  from  Sulphite-Cellulose  Works.  B.  Reinitzer.  (Z.  Angczi\ 
Chem.,  xxiv,  1851.) — It  is  stated  that  by  mixing  together  the  waste 
digestion  liquors  and  the  residues  from  the  bleaching  process  both 
waste  products  are  rendered  harmless  to  fish,  and  can  be  safely 
discharged  into  water  courses.  This  method  is  said  to  have  worked 
satisfactorily  in  actual  practice  for  a  long  time. 

Production  of  Potassium  Salts  from  Feldspar.  Anon.  (Sci. 
Amer.,  cv,  7,  136.) — All  the  potassium  salts  required  for  manu- 
facturing fertilizer  in  the  United  States  are  now  imported  from 
Germany,  at  a  cost  last  year  of  $8,000,000.  Yet  there  are  enormous 
quantities  of  potassium  in  the  States  in  the  form  of  feldspar  rock. 
By  slow  weathering  of  this  rock  part  of  the  potassium  is  made 
available  for  plant  use  in  a  soluble  form.  But  this  element  is 
removed  by  the  crops  faster  than  it  is  produced.  A  process  has 
been  developed,  by  heating  finely-ground  feldspar  (potassium 
aluminum  silicate)  with  calcium  chloride  and  limestone,  by  which 
the  potassium  can  be  recovered  as  soluble  potassium  chloride.  The 
residue  can  be  calcined  to  form  cement.  One  ton  of  feldspar  rock 
may  yield  190  pounds  of  potassium  chloride  and  five  or  six  barrels 
of  cement.  At  present  this  process  is  too  costly  to  work,  but  the 
probabilities  are  that  the  problem  will  be  solved  commercially 
before  long. 

The  Ivory  Supply.  Anon.  {Sci.  Airier.,  cv,  7,  160.) — Owing 
to  the  rapid  disappearance  of  the  herds  of  elephants  formerly  found 
in  Africa,  and  the  limited  number  now  remaining  in  Asia,  the 
ivory  supply  is  becoming  scarce.  Attention  is  therefore  called  to 
the  enormous  supply  of  ivory  existing  in  the  frozen  tundras  of 
Siberia,  which  will  probably  suffice  for  the  world's  consumption 
for  many  years.  This  ivory  consists  of  the  tusks  of  the  extinct 
species  of  elephant  called  mammoths.  These  tusks  are  of  great 
size  and  they  are  very  abundant  at  some  places  in  Siberia,  where 
the  frost  has  perfectly  preserved  them. 

Synthetic  Rubber.  Anon.  (Sci.  Amer.  SiippL,  1859,  115.) — 
The  ^Journal  of  the  Royal  Society  of  Arts  says  it  will  be  a  long 
time  before  synthetic  rubber  seriously  affects  the  price  of  rubber, 
but  that  period  must  be  expected.  Dr.  Gerlach  has  recently  spoken 
on  this  point  before  the  German  Rubber  Commission,  and  his  views 
are  worth  noting.  At  the  beginning  of  his  investigations  Dr.  Ger- 
lach was  sceptical  as  to  its  value,  and  was  much  surprised  when 
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bulk  samples  satisfied  him  that  synthetic  rubber  possesses  the  essen- 
tial properties  of  high-grade  material.  The  raw  material  of  synthetic 
rubber  is  a  manufactured  article,  but  there  is  little  doubt  that 
synthetic  rubber  will  eventually  appear  on  the  market  as  a  com- 
mercial product.  However,  producing  costs  will  have  to  be  ma- 
terially reduced  before  serious  competition  with  natural  rubber  is 
possible. 

Photographs  in  Railway  Work.  Anox.  (Sci.  Amer.,  cv,  7. 
155.) — Photography  has  been  substituted  for  written  reports  on 
construction  work  on  a  Western  railroad.  The  progress  of  the 
work  of  changing  a  grade  crossing  or  building  a  bridge  is  photo- 
graphed at  stated  inten^als,  and  the  photographs  are  preserved  as 
a  record  and  as  illustrations  of  the  method.  Pictures  are  taken 
of  all  the  "  material  "  of  the  road,  and  of  every  mile  of  track, 
showing  curves,  grades,  switches,  and  crossings.  The  book  of 
rules,  which  is  in  the  hands  of  every  railroad  man,  is  illustrated  by 
a  complete  set  of  photographs ;  this  enables  the  men  to  refresh  their 
memories  as  to  any  particular  point  on  the  road,  and  thus  makes 
them  readily  interchangeable  from  one  division  to  another.  Trains, 
too,  are  photographed  in  more  than  one  hundred  co'tibinations  of 
circumstances,  and  the  text  instructs  the  trainmen  what  to  do  in 
each  case. 

Methyl  Alcohol  in  the  United  States.  Axox.  {Chemist  and 
Druggist,  August  26,  191 1.) — Crude  methyl  alcohol  is  usually 
termed  "  wood  alcohol "  in  commerce,  and  because  of  the  word 
"  alcohol  "  in  the  name  many  ignorant  people  think  it  is  a  cheap 
grade  of  ordinary  alcohol,  and  have  purchased  it  for  potable  pur- 
poses, especially  in  prohibition  sections.  The  results  have  fre- 
quently been  fatal,  and  in  other  cases  have  caused  a  temporary  or 
a  permanent  blindness,  due  to  paralysis  of  the  optic  nerve.  Hence 
the  enactment  of  a  law  in  Minnesota  last  year  providing  that 
methyl  alcohol  must  be  called  "  wood  naphtha  "  in  trade,  and  must 
be  so  named  in  catalogues  and  on  labels.  It  is  hoped  that  in  this 
way  the  laity  will  become  unfamiliar  with  the  term  "  wood  alcohol  " 
and  will  not  fall  into  the  error  of  assuming  that  "  wood  naphtha  " 
is  a  beverage.  The  New  York  State  Pharmaceutical  Association. 
at  its  recent  annual  meeting,  agreed  to  endeavor  to  promote  similar 
legislation,  and  the  National  Association  of  Retail  Druggists  believes 
that  a  national  law  on  these  lines  should  be    enacted. 

Bologna  Luminous  Stones.  L.  Vaxixq  and  E.  Zumbusch. 
(/.  Prakt.  Cheni.,  Ixxxiv,  305.) — Bologna  stones  possessing  the 
phosphorescent  quality  contain  from  12  to  33  per  cent,  of  sulphur; 
the  presence  of  polysulphides  is  generally  accompanied  by  marked 
phosphorescent  power,  but  stones  containing  monosulphide  only  are 
deficient  in  phosphorescence.    The  proportion  of  sulphur  in  polysul- 
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phide  is,  at  the  most,  about  2.5  per  cent.,  and  material  containing 
only  monosulphide  is  considerably  improved  by  the  addition  of  cal- 
cium oxide.  Starch,  up  to  4  per  cent.,  increases  phosphorescence, 
but  a  larger  proportion  diminishes  phosphorescence.  The  period 
of  photo-chemical  induction  requisite  for  exciting  maximum  phos- 
phorescence is  shorter  for  stones  of  comparatively  simple  com- 
position and  high  metal  content  than  for  those  of  more  complex 
composition  and  low  metal  content,  and  the  rate  of  decay  is  cor- 
respondingly less  in  the  latter.  Confinement  in  various  gases — e.g., 
chlorine,  ammonia,  and  hydrogen  sulphide — and  mixing  with  organic 
dyestuffs  or  other  so-called  optical  sensitizers,  does  not  increase 
the  phophorescence.  Pressure  is  distinctly  unfavorable;  grinding 
causes  a  change  of  color  and  reduces  phosphorescence.  Exposure 
to  light  also  changes  the  color  to  an  extent  dependent  on  the  com- 
position of  the  stone ;  but  there  is  no  apparent  connection  between 
the  phosphorescent  power  and  the  readiness  with  which  the  color 
changes. 

Colloidal  Sulphur.  M.  Raffo  and  J.  Mancini.  (Z.  Chem. 
Ind.  Kolloide,  ix,  58.) — The  stability  of  the  colloidal  sulphur  solu- 
tion prepared  by  one  of  the  authors  was  due  to  the  presence  of 
sulphuric  acid  and  sodium  sulphate.  Further  experiments  have 
now  shown  that  the  greatest  stability  is  reached  when  the  solution 
contains  definite  proportions  of  these  substances,  viz.,  6.4  to  7.0 
per  cent,  of  sulphuric  acid  and  3.76  to  3.93  per  cent,  of  sodium 
sulphate;  the  solutions  contained  2.6  to  2.8  per  cent,  of  sulphur. 
Coagulation  experiments  with  salts  of  potassium,  sodium,  mag- 
nesium, zinc,  aluminum,  and  chromium  showed  that  potassium  salts 
coagulate  the  colloidal  sulphur  much  more  readily  than  salts  of 
other  metals,  and  the  iodides  are  the  most  effective  of  the  alkali 
salts.  4N  solutions  of  sodium  salts  precipitated  approximately 
twice  as  much  sulphur  as  2N  solutions  did. 

Heat  Treatment  of  Steel.  H.  Haneman.  {Stahl  und  Eisen, 
xxxi,  1365.) — Pieces  of  steel  wire,  0.5  cm.  in  diameter  and  20  cm. 
long,  containing  from  0.99  to  1.56  per  cent,  of  carbon,  were  heated 
to  temperatures  varying  from  750°  C.  to  1150°  C.  and  quenched, 
either  in  water  or  in  a  lead-tin  bath,  at  300°  C.  Quenching  at  the 
higher  temperature  gave  the  highest  tenacity.  The  tabulated  results 
of  the  mechanical  tests  of  hardened  steels,  after  tempering  in  rape 
oil  at  temperatures  from  100°  C.  to  650°  C,  show  that  it  is  not 
possible  to  obtain  the  same  results  by  direct  quenching  in  oil  or  in  a 
lead-tin  bath  as  by  quenching  in  water  and  subsequently  tempering. 
To  determine  the  influence  of  time  on  tempering — i.e.,  whether 
heating  at  500°  C.  for  a  few  seconds  would  produce  the  same 
structure  as  heating  at  100°  C.  for  many  hours — pieces  of  steel 
containing  0.87  per  cent,  of  carbon  were  heated  to  varying  tem- 
peratures  for  different   periods   of  time,   and  then   examined   for 
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scratch  hardness,  loss  of  weight  in  a  i  per  cent,  acid  solution,  the 
amount  of  carbide,  and  microscopically.  It  is  concluded  that  hard- 
ened steel  always  tends  to  change  into  a-iron  and  free  cementite. 
Although  this  change  proceeds  imperceptibly  at  ordinary  tempera- 
tures, it  takes  only  a  few  seconds  at  650°  C.  and  some  hours  at 
100°  C. 

Silver,  Tin,  Lead:  the  Ternary  System.  N.  Parravano. 
{Gas.  Chim.  ltd.,  xli,  813.) — This  paper  is  a  thermal  and  micro- 
scopic study  of  ternary  alloys  of  silver,  tin,  and  lead.  All  the 
ternary  alloys  are  composed  of  the  four  solid  phases,  mixed  crystals 
of  silver  and  tin,  mixed  crystals  of  lead  and  tin,  the  compound 
Ag3Sn,  and  crystals  of  tin.  The  system  contains  two  non-variant 
points,  one  of  which,  at  about  300°  C,  is  a  transformation  point, 
while  the  other,  at  about  175°  C,  is  an  eutectic  point.  The  ternary 
eutectic  contains  63.4  per  cent,  of  tin,  35.6  per  cent,  of  lead,  and 
I  per  cent,  of  silver.  The  transformation  point  is  very  near  the 
binary  lead-silver  eutectic  point,  and  the  ternary  eutectic  point  is 
very  near  the  binary  tin-lead  eutectic  point.  This  paper  has  23 
microphotographs. 

Paper  Pulp  from  Eucalyptus.  Anon.  {Paper  Making,  xxx, 
376.) — Samples  of  pulp  of  excellent  quality  have  been  prepared 
from  the  eucalyptus  (blue  gum)  which  has  been  planted  over  large 
areas  in  Southern  California.  The  pulp  is  strong,  clean,  and 
slightly  reddish,  owing  to  the  action  of  the  alkali.  Experiments 
with  this  wood  as  a  raw  material  for  paper  pulp  have  been  carried 
out  at  Washington  and  leave  no  doubt  that  it  is  suitable  for  the 
purpose.  A  sufficient  growth  of  blue  gum  may  be  obtained  in 
four  to  six  years ;  three  years  after  cutting  the  stump  yields  a 
further  good  growth. 

Preservative  Treatment  of  Poles.  W.  H.  Kempfer.  {Forest 
Service  Bull.,  84,  191 1.) — As  the  pressure  method  of  treatment 
with  creosote  is  comparatively  costly,  investigations  were  directed 
to  simpler  and  cheaper  methods,  which  could  be  employed  locally. 
Special  attention  was  given  to  the  seasoning  of  the  timber,  and 
investigations  were  conducted  with  the  object  of  (i)  testing  the 
efficiency  of  various  wood  preservatives  and  of  the  application  of 
varying  amounts;  (2)  developing  a  method  for  impregnating  the 
butt,  as  the  portion  of  the  pole  most  subject  to  decay;  (3)  design- 
ing inexpensive  apparatus  for  local  use  in  application.  The  timbers 
used  were  chestnut,  three  kinds  of  cedar,  and  three  kinds  of  pine; 
and  six  different  commercial  preservatives  were  tried.  The  con- 
clusions reached  were :  The  reduction  in  the  weight  of  poles  by 
seasoning  is  generally  from  16  to  30  per  cent.,  and  thorough  season- 
ing is  an  essential  preliminary  to  preservative  treatment.  Poles 
cut  during  autumn  and  winter  lose  weight  less  rapidly  but  more 


98  Current  Topics. 

regularly  than  those  cut  during  the  spring  and  summer;  the 
shrinkage  during  seasoning  does  not  exceed  i  per  cent,  on  the 
circumference;  too  rapid  seasoning  may  be  detrimental  to  the 
timber  by  causing  excessive  "  checking."  The  superficial  applica- 
tion of  a  preservative,  by  a  brush,  to  the  butt  of  a  pole  is  not  as 
efifective  as  actual  impregnation  of  the  wood,  but  generally  adds 
two  or  three  years  to  the  life  of  the  pole.  Impregnation  of  many 
pole  timbers  may  be  successfully  accomplished  by  simple  immersion 
in  open  tanks,  first  in  the  hot  and  then  in  the  cold  preservative : 
as  this  process  may  be  applied  to  the  butts  only,  a  great  saving  of 
preservative  is  effected. 

Production  of  Molybdenum  Steel  in  the  Electric  Furnace. 

E.  T.  DiTTUs  and  R.  G.  Bowman.  (Met.  and  Client.  Eng.,  ix, 
531.) — The  authors  give  the  results  of  laboratory  experiments, 
mostly  qualitative,  on  the  direct  production  of  molybdenum  steel 
by  the  simultaneous  reduction  of  haematite  iron  ore  and  molybdenite. 
The  iron  ore  was  reduced  by  coke,  using  ferrosilicon  as  the  desul- 
phurizing agent.  The  electric  furnace  could  be  used  either  on  the 
Heroult  or  the  Girod  principle.  The  conclusions  are  that  molyb- 
denum steel,  low  in  sulphur,  can  be  made  in  this  manner,  and  that 
the  molybdenite  may  be  added  in  the  form  of  low-grade  con- 
centrates. The  Girod  type  of  furnace  is  preferable  to  the  Heroult, 
but  the  furnace  should  be  of  the  tilting  type,  to  facilitate  the  tap- 
ping of  the  metal. 

The  Cementation  of  Iron  by  Solid  Carbon.  G.  Charpy  and 
S.  BoNNEROT.  {Rev.  Scicnt.,  xlix,  17,  539.) — The  contradiction 
in  the  results  given  by  different  experimenters,  such  as  Guillet  and 
Griffith,  Weyl  and  others,  on  the  subject  of  the  cementation  of  iron 
by  solid  carbon,  is  due  to  the  fact  that  the  atmospheres  in  which 
the  operation  took  place  were  not  well  defined,  .either  as  to  com- 
position or  as  to  pressure.  New  experiments,  where  minute  pre- 
cautions were  taken  to  avoid  these  sources  of  error,  have  shown 
that  there  is  absolutely  no  cementation  of  iron  by  solid  carbon  at 
about  950°  C.,  when  there  is  no  gas  present  which  can  react  with 
the  carbon  or  the  metal. 

Helicoidal  Crystals.  P.  (iaudert.  {Rev.  Scient.,  xiix,  17. 
540.) — The  new  form  of  crystal,  the  helicoidal,  which  M.  Wallerant 
obtained  by  melting  on  a  plate  of  glass  certain  substances  mixed 
with  a  body  possessing  rotatory  power,  has  also  been  obtained  by 
evaporating  a  solution.  This  in  the  case  with  phthalic  acid  mixed 
with  a  solution  of  physotigmine.  However,  methylene  blue,  which 
has  a  strong  influence  on  the  dominant  form  of  crystals,  will  not 
produce  the  helicoidal  form.  Sulphurated  urea  will  give  the  heli- 
coidal form  when  it  is  slightly  decomposed  by  boiling;  at  first  it 
forms  spherolites  with  a  helicoidal  outline,  and  finally  ordinary 
crvstals. 
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Nature  of  Volcanic  Action.  R.  A.  Daly.  (Amer.  Acad: 
Proc,  xlvii,  No.  3,  47.) — An  hypothesis  is  outhned  on  the  assump- 
tion that  the  earth  is  exteriorly  composed  of  successive  shells,  of  a 
density  increasing  with  depth.  Beneath  the  interrupted  sedimentary 
shell  is  a  continuous  solid  "  granitic "  shell,  and  below  that  an 
eruptive  basaltic  shell,  or  substratum.  It  is  assumed  that  all  igneous 
action,  since  an  early  pre-Cambrian  period,  is  the  result  of  the 
mechanical  intrusion  of  the  substratum  basalt  into  the  overlying 
shell  by  abyssal  injection.  Dealing  mainly  with  central  eruptions 
as  distinct  from  fissure  eruptions,  they  are  classified  into  two  main 
groups:  (a)  Principal,  where  each  vent  represents  emanation  from 
a  main  abyssal  injection  ;  (b)  subordinate,  where  each  vent  originates 
over  a  magmatic  body  in  the  form  of  a  laccolith,  sheet,  etc.,  which 
is  satellitic  with  respect  to  a  main  abyssal  injection.  Principal 
volcanoes  will  be  more  active,  of  longer  duration,  more  productive 
of  lava  flows,  and  more  clearly  related  to  crustal  fissures.  Kilauea 
may  be  considered  a  subordinate  volcano.  The  local  occurrence  of 
steam  is  not  regarded  as  a  primary  cause  of  explosion ;  the  energy 
producing  explosion  is  more  probably  derived  from  deep-seated 
heated  magma. 

Increasing  the  Catalytic  Action  of  Iron  Salts.  J.  Wolff  and 
E.  DE  Stoecklin.  (Mon.  Sci.,  838,  697.) — The  conclusions  of  this 
article  are:  (i)  If  any  iron  salt,  such  as  the  nitrate,  sulphate, 
chloride,  or  acetate,  has  any  catalytic  action  alone,  this  action  is 
markedly  increased  by  adding  small  quantities  of  an  alkaline  sul- 
phocyanide;  (2)  this  activity  is  greatly  increased  by  adding  small, 
increasing  quantities  of  the  salt;  (3)  at  the  moment  the  two  salts 
are  in  such  proportion  that  their  combination  is  represented  by  the 
formula  (CNS)6K3Fe  the  activity  has  reached  its  maximum  ;  (4)  as 
soon  as  the  maximum  is  reached,  a  large  excess  of  potassium  sul- 
phocyanide  does  not  sensibly  increase  the  reaction. 

Liquid  Mixtures  for  Laying  Coal-dust.  W.  M.  Thornton. 
{Mech.  Eng.,  xxviii,  210.) — The  reason  that  water  alone  does  not 
wet  the  coal-dust  may  be  due  to  the  oily  components  of  the  dust  and 
the  high  surface  tension  of  the  water.  In  laboratory  experiments 
various  soap  solutions  were  tried.  Solutions  of  5  per  cent.,  and 
down  to  2  per  cent.,  laid  dust  better  than  water,  with  a  good  binding 
effect ;  but  there  was  considerable  difference  in  the  efficiency  of 
different  soaps.  The  best  binders  were  resin  soaps ;  but  liquid  soaps 
were  of  small  value.  The  constituents  of  the  soaps,  and  various 
chemical  solvents  of  oil  were  also  tried ;  many  of  these — e.g., 
pyridine,  carbolic  acid,  alcohol,  carbon  disulphide,  Jeye's  fluid, 
Walker's  carbolacene — were  efficient,  but  were  objectionable  on 
account  of  their  offensive  odor.  The  conclusions  are  that  the  special 
soaps  of  the  Hull  Oil  Manufacturing  Conpany  are  the  best  for 
wetting  in  5  per  cent,  solutions ;    and  liquid  disinfectant  soaps  in  5 
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per  cent,  solutions.  Fine  dust  is  much  more  difficult  to  wet  than 
coarse  dust.  The  most  efficient  wetter  and  binder  is  a  mixture  of 
water-glass  (sodium  silicate),  a  resinous  liquid  soap  (in  5  per  cent, 
solutions),  and  commercial  carbolic  acid  in  the  proportions  10:  i :  i. 
Dust  thus  treated  is  only  inflammable  with  difficulty. 

Mechanical  Theory  of  Solar  Corona.  J.  A.  Miller.  (Astrophys. 
Journ.,  xxxiii,  303.) — This  paper  gives  the  results  of  an  investiga- 
tion of  the  streams  of  the  1905  solar  corona,  undertaken  with  the 
intention  of  applying  Schaeberle's  mechanical  theory.  With  a  few 
slight  modifications  of  the  original  assumptions,  the  main  criteria 
were  taken  as  considering  the  streams  of  the  corona'  to  be  the 
projections,  on  a  plane,  of  streams  of  particles,  the  motions  of  which 
are  produced  by  ejection,  modified  by  the  rotation  of  the  sun,  by 
its  attraction,  and  by  the  pressure  of  its  radiation.  The  tests  were 
made  by  careful  measurements  of  the  curvatures  of  the  streamers 
recorded  on  the  Lick  Observatory  eclipse  photographs.  In  many 
cases  the  actual  forms  observed  were  in  very  close  agreement  with 
those  calculated  from  the  theory.  One  notable  feature  is  the  per- 
sistence with  which  the  convex  edge  of  a  streamer  is  sharply  defined, 
while  the  other  is  diffuse.  The  calculations  also  agree  with  the 
actual  photographs  in  showing  that  the  farther  from  the  equator 
at  which  a  streamer  originates,  the  larger  will  be  the  eccentricity  of 
the  orbits  of  the  particles  composing  the  stream.  The  shape  of  the 
streamers  will  be  a  function  of  the  inclination  of  the  sun's  axis  to 
the  line  of  sight. 

Action  of  the  Radium  Emanation  on  Thorium  Salts.  Messrs. 
Herschfinkel.  (Mon.  Sci.,  838,  704.) — The  conclusions  are  that 
the  action  of  the  radium  emanation  on  thorium  nitrate  is  not  a 
phenomenon  of  atomic  transformation,  but  of  oxidation ;  for  an 
oxidizer,  such  as  potassium  permanganate,  also  produces  carbon 
dioxide,  but  in  larger  quantity  than  the  radium  emanation.  The 
production  of  this  acid,  then,  is  not  due  to  the  transformation  of  an 
atom  of  thorium  into  carbon,  as  Ramsay  thought,  but  doubtless 
results  from  an  organic  impurity,  which  is  probably  oxalic  acid 
resulting  from  the  treatment.  It  may  therefore  be  deduced  that  an 
analogous  cause  may  be  discovered  in  the  case  of  other  substances 
which  disengage  carbon  dioxide. 
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Mr.  President,  Ladies  and  Gentlemen  :  I  count  it  a  hig-h 
privilege  to  have  been  given  the  opportunity  of  addressing  the 
members  of  this  world-renowned  and  venerable  Institute  upon 
the  new  processes  of  flameless  incandescent  surface  combustion 
with  which  my  name  has  become  associated,  and  which,  as  I 
hope,  will  greatly  increase  the  efficiency  and  widen  the  range 
of  application  of  gaseous  and  liquid  fuels  in  industrial  heating 
operations,  especially  where  high  temperatures  are  required.  I 
believe,  also,  that  this  continent,  with  its  courageous  industrial 
enterprise  and  its  magnificent  fuel  resotirces  of  every  kind,  will 
afford  a  splendid  field  for  the  practical  development  of  the  new 
methods. 

It  will  economize  time  and  also,  I  hope,  help  you  better  to 
grasp  the  subject  if,  before  proceeding  to  any  experimental 
demonstration,  I  expound,  by  the  aid  of  lantern  slides,  the  un- 
derlying principles,  together  with  some  of  the  more  important 
results  already  achieved  in  the  direction  of  industrial  applica- 
tions of  surface  combustion.  With  your  kind  permission, 
therefore,   I   would  propose  to  postpone   the  principal   experi- 

*  Lecture  delivered  at  the  Franklin  Institute,  Philadelphia,  October 
30,    191 1. 

[Note.— The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributors  to  the  Journal.] 

Copyright,  igi2,  by  The  Franklin  Institdtb. 

Vol.  CLXXIII,  No.  1034—8  101 


I02  William  A.  Bone. 

mental  demonstration  until  after  the  conclusion  of  the  formal 
part  of  my  discourse. 

The  problem  of  the  influence  of  hot  surfaces  upon  gaseous 
combustion  is  one  which,  from  a  purely  scientific  stand-point,  has 
engaged  my  attention  for  many  years  past,  and,  as  my  recent 
work  has  been  the  direct  outcome  of  earlier  scientific  investiga- 
tions, it  will  be  appropriate  for  me,  by  way  of  introduction,  to 
explain  briefly  the  present  position  of  science  with  respect  to 
this  subject. 

You  will  readily  understand  that  a  matter  which  is  of  great 
scientific  interest  as  well  as  of  practical  utility  can  hardly  be 
dealt  with  within  the  limits  of  a  single  lecture.  I  must  neces- 
sarily compress  my  remarks  into  the  smallest  possible  compass 
consistent  with  clearness,  omitting  many  points  of  secondary  in- 
terest which  otherwise  it  would  have  been  profitable  for  me  to 
discuss.  I  must  make  many  statements,  both  of  fact  and  of 
opinion,  without  advancing  any  demonstration  or  proof  of  them. 
I  can  only  ask  you  to  accept  such  statements  as  coming  from  one 
who,  having  devoted  many  years  to  the  advancement  of  the 
science  of  combustion,  would  not  willingly  mislead  you. 

It  would  perhaps  help  you  to  an  understanding  of  what  is 
implied  by  the  term  "  surface  combustion  "  if  I  first  of  all  ex- 
plain certain  facts  which  differentiate  it  from  the  more  familiar 
and  perhaps  better  understood  process  of  combustion  as  they 
occur  in  ordinary  flames.  In  the  first  place,  I  would  have  you 
understand  that  all  hot  surfaces  have  an  accelerating  influence 
upon  chemical  changes  in  gaseous  systems ;  a  recognition  of  this 
fact  is  of  fundamental  importance.  It  may  be  laid  down  as  a 
well-established  principle  that  if  at  any  temperature  a  gaseous 
system  A  tends  to  pass  over  into  another  system  B.  contact  with 
a  solid  at  the  same  temperature  will  accelerate  the  process. 

To  take  a  simple  example :  If  a  mixture  of  hydrogen  and 
oxygen  in  their  combining  proportions  (electrolytic  gas)  be 
maintained  in  an  enclosure  with  smooth  glass  walls  at  a  tem- 
perature (say)  450°  C,  there  would  certainly  be  a  tendency  to 
form  steam,  but  the  rate  of  change  would  be  negligibly  small. 
If,  however,  there  be  brought  into  the  system  some  porous  solid 
material  at  the  same  temperature,  so  that  a  large  surface  is  ex- 
posed to  the  gases,  the  rate  of  change  would  at  once  be  rapidly 
accelerated  in  the  layer  of  gas  immediately  in  contact  with  the 
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hot  surface.  Steam,  the  product,  would  diffuse  outwards  from 
the  surface,  and  the  suppHes  of  hydrogen  and  oxygen  at  the  sur- 
face w'ould  be  renewed  by  diffusion  inwards.  Thus  combustion 
would  proceed  heterogeneously  at  the  surface  until  the  trans- 
formation of  the  original  electrolytic  gas  into  steam  was  com- 
plete. In  the  case  jlist  cited,  the  rate  of  combustion,  although 
now^  quite  measurable,  would  probably  be  insufficient  to  cause 
any  self -heating  of  the  enclosure.  The  temperature  w^ould  re- 
main at  450°  C,  which  is  well  below  either  the  ignition  tempera- 
ture of  the  combustible  mixture  or  the  point  at  which  a  solid 
would  attain  even  incipient  incandescence. 

It  is  therefore  necessary  to  distinguish  between  two  possible 
conditions  under  which  gaseous  combustion  may  occur,  namely: 
(i)  Homogeneously — that  is  to  say,  equally  throughout  the 
system  as  a  whole,  at  temperatures  below  the  ignition  point 
slowly  and  without  flame,  and  at  temperatures  above  the  igni- 
tion point  rapidly  and  with  flame,  and  (2)  heterogeneously,  or 
only  in  layers  immediately  in  contact  with  an  incandescent  sur- 
face ("surface  combustion").  It  is  also  necessary  to  remem- 
mer  that,  ceteris  paribus,  the  heterogeneous  surface  to  combustion 
IS  a  faster  process  than  the  normal  homogeneous  combustion  of 
ordinary  flames.  , 

It  has  long  been  recognized  as  a  scientific  anomaly  that  metals 
of  the  platinum  group  have  power  of  inducing  gaseous  com- 
bustion, more  particularly  that  of  hydrogen,  but  it  has  hitherto 
been  generally  considered  that  in  industrial  heating  operations 
contact  of  all  flame  w^ith  surface  should  be  avoided.  Indeed, 
it  was  a  favorite  dictum  of  Frederick  Siemens,  who  was  the 
first  to  impress  upon  technologists  the  importance  of  radiation 
in  furnace  operations,  that  hot  surfaces  by  promoting  disasso- 
ciation  must  necessarily  hinder  combustion.  And,  in  view  of  the 
great  influence  which  Siemens  exercised  on  contemporary 
thought,  it  is  perhaps  hardly  to  be  wondered  that  technologists 
have  hitherto  never  realized  the  possibilities  of  surface  combus- 
tion in  the  field  of  industrial  heating  operations.  I  am  con- 
vinced, however,  that  Siemens  was  wrong  in  his  judgment  con- 
cerning this  matter. 

It  may  be  profitable  for  us  to  consider  for  a  moment  how 
far  it  is  possible  to  accelerate  the  process  of  combustion  in  ordi- 
nary flames.  We  are  apt  to  think  of  ordinary  flame  combustion 
Vol.  CLXXIII,  No.  1034—9 
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as  an  instantaneous  process,  whereas,  when  considered  in  terms 
of  what  I  may  call  "  molecular  time,"  it  is  certainly  a  very  slow 
transaction.  Thus,  for  example,  when  electrolytic  gas  is 
ignited  by  a  spark  near  the  closed  end  of  a  tube,  the  flame  is 
initially  propagated  by  conduction  with  a  uniform  slow  velocity 
of  20  metres  per  second,  and  during  this  preliminary  period  of 
"  inflaininafion,"  as  it  is  sometimes  termed,  the  total  duration  of 
chemical  change  in  each  successive  layer  of  gas  is  of  something 
like  the  order  of  one-fiftieth  part  of  a  second.  But  this  is  at 
least  one  hundred  million  times  as  long  as  the  average  interval 
between  successive  molecular  collisions  in  electrolytic  gas  at  the 
ordinary  temperature.  The  conditions  prevailing  during  the 
initial  period  of  "  infiauimation  "  in  a  gaseous  explosion  corre- 
spond to  those  in  ordinary  flames,  and  it  is  at  once  apparent  how 
very  slow  is  the  actual  chemical  change  when  viewed  from  the 
stand-point  of  molecular  time. 

But  after  the  flame  has  travelled  a  short  distance  along  the 
tube  it  is  rapidly  accelerated,  under  the  influence  of  compression 
waves  reflected  from  the  closed  end  of  the  tube,  until  a  new 
condition,  known  as  "  detonation,"  is  set  up.  In  "  detonation  " 
the  flame  is  propagated  through  the  mixture  by  adiabatic  com- 
pression at  an  enormously  great  and  constant  velocity,  amount- 
ing in  the  case  of  electrolytic  gas  at  atmospheric  pressure  to  no 
less  than  2,820  metres,  or  about  i  Ya  miles  per  second.  The  com- 
bustion now  proceeds  under  conditions  of  maximum  intensity, 
both  as  regards  the  actual  duration  of  chemical  change  and  the 
temperatures  produced  in  each  layer  of  the  burning  gases.  Some 
years  ago,  in  conjunction  wdth  Dr.  Bevan  Lean,  I  found  that 
the  duration  of  chemical  action  in  each  successive  layer  of  elec- 
trolytic gas  in  which  "  detonation  "  has  been  determined  does  not 
exceed  one  five-thousandth  or  possibly  one  ten-thousandth  part 
of  a  second,  and  for  the  same  mixture  Mr.  D.  L.  Chapman,  of 
Oxford,  has  calculated  that  the  temperature  attained  in  the  ex- 
plosion wave  is  4265°  C.  Therefore  it  may  be  inferred  that 
whilst  in  '*  detonation  "  the  duration  of  chemical  change  in  each 
successive  layer  of  electrolytic  gas  is  probably  about  a  hundred 
times  shorter  than  in  the  preliminary  period  of  "  inflammation," 
it  still  remains  at  least  a  million  times  as  long  as  the  average 
interval  between  successive  collisions  in  the  mixture  at  the 
moment  of  its  being  fired. 
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In  order  to  gi\"e  }0U  ^"isllal  evidence  of  the  validity  of  this 
conckision.  I  will  throw  on  the  screen  a  photograph  taken  by 
Professor  Harold  B.  Dixon,  of  Manchester,  of  the  progress  of 
an  explosion  in  electrolytic  gas  from  its  origin  at  a  point  a  few 
inches  from  the  closed  end  of  a  horizontal  glass  tnbe  up  to  the 
attainment  of  its  maximnm  force  and  intensity  in  detonation 
(Fig.  i).  The  flame  was  photographed  on  a  highly  sensitive 
film  moving  vertically  at  a  velocity  of  about  50  metres  per  second. 
and  the  graph  thus  traced  on  the  film  was.  therefore,  com- 
pounded of  the  horizontal  velocity  of  the  flame  along  the  tnbe 
and  the  vertical  velocity  of  the  film.  The  black  line  on  the  pho- 
tograph is  due  to  a  reference  mark  made  by  gumming  a  strip  of 
black  paper  on  the  .tube  at  a  distance  of  one  metre  from  its 
closed  end.     Yon  will  observe  that  the  flame  was  initially  propa- 

FlG.     I. 


gated  through  the  explosive  mixture  with  a  comparatively  slow, 
uniform  velocity.  Its  luminosity  during  this  initial  period  of 
"  inflammation  "  (which  corresponds  to  the  conditions  of  ordi- 
nary flames)  was  comparatively  feeble,  and  from  the  slope  of 
the  graph  it  is  evident  that  its  velocity  was  much  slower  than 
that  of  the  vertical  motion  of  the  film.  After  traversing  about 
0.5  metre  along  the  tube,  its  velocity  was  accelerated,  and  simul- 
taneously the  intensity  of  the  combustion  increased,  as  is  indi- 
cated in  the  photograph  by  a  brightening  of  the  flame.  The 
acceleration  of  the  flame  continued  until,  at  a  point  just  beyond 
the  reference  mark,  "  detonation  "  w-as  set  up.  At  this  junc- 
ture the  flame  suddenly  increased  in  brilliance  and  dashed  for- 
ward through  the  mixture  at  a  velocity  many  times  greater  (as  a 
matter  of  fact,  more  than  50  times)  than  the  vertical  velocity  of 
the  film ;  at  the  same  time  a  strongly  luminous  wave  of  compres- 
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sion  (called  the  "  retonation  zvave")  was  sent  backwards 
through  the  still  burning  gases.  The  luminous  track  of  this 
retonation  wave  is  to  be  ascribed  to  its  accelerating  influence  upon 
the  residual  combustion  in  a  mixture  which  had  already  been 
"  inflamed,"  and  it  is  evident  from  the  photograph  that  this  after- 
burning continued  even  after  the  "retonation  wave"  had  been 
reflected  back  again  from  the  closed  end  of  the  tube.  Whilst 
this  photograph  has  no  direct  bearing  upon  the  question  of  sur- 
face combustion,  it  nevertheless  proves  beyond  all  question  that 
the  conditions  prevailing  in  ordinary  flames  are  such  as  admit 
of  a  great  acceleration  of  the  combustion,  and  it  will,  I  hope, 
help  you  to  understand  what  I  shall  subsequently  refer  to  as  the 
intensifying  action  of  an  incandescent  surface  upon  gaseous  com- 
bustion. 

The  influence  of  hot  surfaces  upon  combustion  at  low  tem- 
peratures seems  to  have  occupied  the  attention  of  several  chem- 
ists (Dulong  and  Thenard  and,  independently,  Dobereiner  in 
France,  Sir  Humphiy  Davy,  William  Henry,  Thomas  Graham. 
Faraday,  and  De  la  Rive  in  England)  during  the  first  third  of 
the  last  century,  but  not  one  of  these  distinguished  men  succeeded 
in  evolving  a  satisfactory  theory  of  the  phenomenon,  nor,  with  the 
exception  of  the  famous  "  Dobereiner  lamp,"  was  there  any  prac- 
tical outcome  of  their  efforts.  In  1836,  after  a  long  but  abor- 
tive controversy  betw^een  Faraday  and  De  la  Rive,  interest  in  the 
subject  dropped,  and  was  not  revived  again  until  recent  years. 
My  attention  was  first  drawn  to  the  subject  during  the  course  of 
an  investigation  on  the  mechanism  of  hydrocarbon  combustion 
at  low  temperature,  which  I  was  then  engaged  upon  in  conjunc- 
tion with  R.  V.  Wheeler  and  others  of  my  pupils  at  the  Owens 
College,  Manchester  (now  the  Manchester  University).  The 
subject  soon  became  so  absorbently  attractive  that  we  embarked 
upon  what  proved  to  be  a  long  but  fruitful  inquiry  into  the  in- 
fluence of  a  great  variety  of  hot  surfaces  upon  the  combination 
of  hydrogen  and  oxygen  at  temperatures  below  the  ignition 
point.  The  inquiry  has  also  included  other  cases  of  slow  com- 
bustion, and  I  am  hoping  that  experiments  which  are  now  being 
carried  out  by  Mr.  Harold  Hartley  in  my  laboratory  at  Leeds 
University  will  enable  us  to  advance  materially  the  science  of 
the  subject. 

It  would,  however,  be  premature  for  me  to  attempt  any  pre- 
diction of  our  final  conclusions,  because  several  points  remain 
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to  be  cleared  up,  but  I  may  safely  say  that  our  experimental  re- 
sults justify  the  conclusion  that  the  power  of  accelerating  gaseous 
combustion  is  possessed  by  all  surfaces  at  temperatures  below 
the  ignition  point  in  varying  degrees,  dependent  upon  their 
chemical  characters  and  physical  texture.  Moreover,  the 
"  activity  "  of  a  given  surface  can  be  enhanced  or  diminished  at 
will  by  previous  special  treatment  in  a  truly  marvellous  manner ; 
thus,  for  example,  in  the  case  of  the  combination  either  of  hydro>- 
gen  or  of  carbon  monoxide  with  oxygen  at  low  temperatures  in 
contact  with  a  non-oxidizable  metal  or  non-reducible  oxide,  the 
"  activity  "  of  the  surface  may  be  greatly  stimulated  by  previous 
contact  with  oxygen.  Again,  there  is  abundant  evidence  that  the 
actual  surface  combustion  is  dependent  upon  a  prior  "  absorp- 
tion "  (or  condensation)  of  the  combustible  gas  and  (possibly, 
also)  of  the  oxygen  by  the  surface  (although  to  what  extent  the 
oxygen  is  involved  is  not  as  yet  perfectly  clear).  The  "ab- 
sorbed" (or  condensed)  gas  becomes  "activated"  (probably 
"  ionized,"  as  the  physicists  would  call  it)  by  association  with  the 
surface.  Finally,  certain  important  differences  have  been  estab- 
lished between  ordinary  homogeneous  combustion  and  hetero- 
geneous "  surface  combustion ;  "  thus,  for  example,  whereas  the 
presence  of  water  vapor  certainly  accelerates,  if  it  is  not  essen- 
tial to,  the  homogeneous  combustion  of  carbon  monoxide,  it 
greatly  retards  its  heterogeneous  combustion  in  contact  with  a 
surface  such  as  fire-clay ;  or,  again,  whereas  methane  has  a  much 
greater  affinity  for  oxygen  than  either  hydrogen  or  carbon 
monoxide  in  ordinary  flames,  a  hot  surface,  by  virtue  of  some 
"  selective "  action,  will  completely  reverse  the  usual  order  of 
things — a  remarkable  circumstance,  than  which  no  better  proof 
could  be  afforded  of  the  reality  of  surface  combustion. 

My  next  contention,  and  one  which  leads  right  up  to  the 
main  theme  of  my  discourse,  is  that  if  hot  solids  possess  the 
power  of  accelerating  gaseous  combustion  at  temperatures  in  the 
neighborhood  of  the  ignition  point,  the  same  power  must  also  be 
manifested  at  higher  temperatures,  and  especially  so  when  the 
surface  itself  becomes  incandescent.  Indeed,  my  belief  is  that 
not  only  does  the  accelerating  influence  of  the  surface  upon  com- 
bustion rapidly  increase  with  the  temperature,  but  also  that  the 
difference  between  the  powers  of  various  surfaces  (which  at  low 
temperatures  are  often  considerable)  diminishes  with  ascending 
temperatures,  until  at  bright  incandescence  they  practically  dis- 
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appear.  If,  therefore,  an  explosive  gaseous  mixture  is  either 
injected  on  to  or  forced  through  the  interstices  of  a  porous  re- 
fractory incandescent  solid  under  certain  conditions,  which  will 
be  hereafter  explained,  a  greatly-accelerated  combustion  takes 
place  within  the  interstices  or  pores,  or,  in  other  words,  within 
the  boundary  layers  between  the  gaseous  and  solid  phases, 
wherever  these  may  be  in  contact,  and  the  heat  developed  by  this 
intensified  combustion  maintains  the  surface  in  a  state  of  incan- 
descence unthoiit  any  development  of  flame.  Such  conditions 
realize  my  conception  of  "  Hameless  incandescent  surface  com- 
bustion "  as  a  means  of  greatly  increasing  the  general  efficiency 
of  industrial  heating  operations  wherever  it  can  be  conveniently 
applied. 

There  are  two  further  points  which  I  particularly  wish  to 
make  clear  to  you.  In  dealing  with  gaseous  interactions  at 
high  temperatures  it  is  necessary  to  think  in  terms  of  what  I 
may  call  "  molecular  "  dimensions.  Our  ordinary  units  of 
time,  space,  and  mass  are  altogether  too  gross  and  must  be  dis- 
carded if  we  would  wish  to  form  a  true  mental  picture  of  the 
mechanism  of  combustion;  when,  therefore,  I  speak  of  com- 
bustion as  occurring  "  zvithin  the  interstices  or  pores  "  of  an 
incandescent  solid,  it  must  be  understood  that  I  mean  "  porosity  " 
in  a  molecular  sense.  A  solid  may  appear  to  the  eye  to  be 
dense,  and  yet  be  highly  permeable  to  the  molecules  of  a  gas ; 
from  this  point  of  \'iew  it  is  only  vitreous  surfaces  such  as  glass 
which  are  (relatively  speaking)  non-porous  to  gases,  and  even 
glass  when  it  becomes  devitrified  is  sufficiently  porous  to  induce 
a  slow  surface  combustion. 

In  the  second  place,  I  want  to  emphasize  the  fact  that  the  in- 
candescent solid  plays  a  specific  role  in  this  surface  combustion ; 
it  is  no  mere  idle  "  looker-on  "  at  the  surging  crowd  of  reacting 
molecules  which  swarm  around  it.  On  the  contrary,  it  so  gal- 
vanizes and  incites  the  dormant  affinities  between  the  combusti- 
ble gas  and  oxygen  that  the  stately  minuet  of  ordinary  flame 
combustion  gives  place  to  the  wild  intoxication  of  the  Venus- 
1)erg.  The  manner  in  which  the  surface  acts  is  still,  perhaps, 
a  matter  of  conjecture,  but  the  fact  that  it  so  acts  can  no  longer 
be  disputed.  In  a  discussion  which  took  place  at  the  British 
Association  in  19 lo.  Sir  J.  J.  Thomson  insisted  that  combustion 
is  concerned  not  onlv  with  atoms  and  molecules,  but  also  with 
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electrons — i.e.,  bodies  of  much  smaller  dimensions  and  moving 
with  very  high  velocities — and  suggested  that  "  in  reference 
to  the  influence  of  hot  surfaces  in  promoting  combustion,  to 
which  Professor  Bone  had  drawn  attention,  it  was  not  improb- 
able that  the  emission  of  charged  particles  from  the  surface  was 
a  factor  of  primary  importance.''  Those  of  you  who  may  have 
followed  recent  developments  of  the  corpuscular  views  of  elec- 
trical action  will  remember  how  it  has  been  proved  experiment- 
ally that  incandescent  surfaces  emit  enormous  streams  of  elec- 
trons travelling  with  high  velocities,  and  the  actions  of  these 
surfaces  in  promoting  combustion  may  ultimately  be  found  to 
depend  on  the  fact  that  they  bring  about  the  formation  of  layers 
of  electrified  gas  in  which  chemical  changes  proceed  with  extra- 
ordinarily high  velocity. 

THE    NEW    PROCESSES    OF    INCANDESCENT    SURFACE    COMBUSTION. 

Leaving  now  the  theoretical  aspects  of  the  subject,  I  will, 
with  your  kind  permission,  proceed  to  describe,  and  in  some  cases 
to  illustrate  by  experiment  also,  some  of  the  more  important 
features  of  the  two  processes  of  ''  incandescent  combustion  " 
recently  evolved  by  ]Mr.  C.  D.  ]\IcCourt  and  myself  at  the  works 
of  Messrs.  Wilsons  &  ]\Iathiesons,  Ltd.,  of  Leeds,  where  our 
experimental  station  is  located.  The  experiments  which  I  hope 
to  show  you  during  the  demonstration  after  the  conclusion  of 
my  lecture  were  originally  designed  for  lectures  which  I  had 
the  honor  of  giving  at  the  Royal  Listitution  of  Great  Britain 
about  six  months  ago,  and  were  subsequently  repeated  at  the  re- 
cent Glasgow  meeting  of  the  British  Institution  of  Gas  Engi- 
neers. They  are  intended  to  convey  to  an  audience  of  technical 
men  a  general  idea  of  the  wide  field  of  practical  utility  which 
we  believe  lies  before  the  new  systein ;  they  are  necessarily  on  a 
small  scale,  and  in  nearly  all  cases  the  apparatus  is  merely  of  a 
''  demonstration  ''  order  in  which  the  rapid  illustration  of  some 
striking  effect  is  the  main  consideration. 

(a)     GENERAL    CHARACTER   AND   ADVANTAGES    CLAIMED. 

The  distinguishing  and  essential  feature  of  the  new  processes 
is  that  a  homogeneous  explosive  mixture  of  gas  and  air,  in  the 
])rnper  j^roportions  tor  complete  combustion  (or  with  air  in  slight 
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"excess  thereof),  is  caused  to  burn  without  flame  in  contact  with 
a  granular  incandescent  solid,  whereby  a  large  proportion  of  the 
potential  energy  of  the  gas  is  immediately  converted  into  radiant 
form.  The  advantages  claimed  for  the  new  system  are :  ( i ) 
The  combustion  is  greatly  accelerated  by  the  incandescent  sur- 
face, and,  if  so  desired,  may.be  concentrated  just  where  the  heat 
is  required;  (2)  the  combustion  is  perfect  with  a  minimum  ex- 
cess of  air;  (3)  the  attainment  of  very  high  temperatures  is  pos- 
sible without  the  aid  of  elaborate  "regenerative"  devices;  and 
(4),  owing  to  the  large  amount  of  radiant  energy  developed, 
transmission  of  heat  from  the  seat  of  combustion  to  the  object 
to  be  heated  is  very  rapid.  These  advantages  are,  as  I  believe, 
so  uniquely  combined  in  the  new  system  that  the  resultant  heat- 
ing efifect  is.  for  many  important  purposes,  not  only  pre-eminently 
economical  but  also  easv  of  control. 


(b)     DIAPHRAGM     HEATING    AND    ITS    APPLICATIONS. 

In  the  first  process  the  homogeneous  mixture  of  gas  and  air 
is  allowed  to  flow  under  slight  pressure  through  a  porous 
diaphragm  of  refractory  material  from  a  suitable  feeding  cham- 
ber behind  (see  Fig.  2)  and  caused  to  burn  without  flame  at  the 
surface  of  exit,  which  is  thereby  maintained  in  a  state  of  red-hot 
incandescence.  The  diaphragm  is  composed  of  granules  of  fire- 
brick bound  together  into  a  coherent  block  by  suitable  means ; 
the  porosity  of  the  diaphragm  is  graded  to  suit  the  particular 
kind  of  gas  for  which  it  is  to  be  used,  but  for  coal  gas,  or  car- 
buretted  water  gas,^  a  diaphragm  so  porous  that  the  gaseous  mix- 
ture will  readily  flow  through  it  at  a  pressure  of  %"  water 
gauge  is  employed.  [At  this  point  such  a  diaphragm  was  ex- 
hibited.] The  diaphragm  is  mounted  in  a  suitable  casing,  the 
space  enclosed  between  the  back  of  the  casing  and  the  diaphragm 
constituting  a  convenient  feeding  chamber  for  the  gaseous  mix- 
ture which  is  introduced  at  the  back.     Such  a  mixture  may  be 

"  Note. — In  England  the  public  supply  of  illuminating  gas  is  usually 
entirely  or  mainly  composed  of  undiluted  coal  gas,  whereas  you  in  America 
are  (I  am  told)  usually  supplied  with  a  mixture  of  carburetted  water  gas 
with  a  small  proportion  of  coal  gas.  The  diaphragm  process  works  equally 
well  with  both  kinds  of  gas,  or,  indeed,  with  gas  of  any  intermediate 
composition. 
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obtained  in  either  of  two  ways,  namely,  (i)  by  means  of  suit- 
able connections  through  a  Y  piece  with  separate  supplies  of 
low  pressure  gas  and  air  (2  or  3  inches  w.  g.  only  is  sufficient), 
or  (2)  by  means  of  an  "injector"  arrangement  connected  with 
a  supply  of  gas  at  2  pounds  per  square  inch  pressure ;  the  gas  in 
this  case  draws  in  its  own  air  from  the  atmosphere  in  sufficient 
quantity  for  complete  combustion,  the  proportions  of  gas  and  air 
being  easily  regulated  by  a  simple  device.  To  start  up  a 
diaphragm,  gas  is  first  of  all  turned  on  and  ignited  as  it  issues 
at  the  surface,  then  air  is  gradually  added  until  a  fullv  aerated 


Fig.  2. 


mixture  is  obtained.  The  flame  soon  becomes  non-luminous  and 
diminishes  in  size;  then,  a  moment  later,  it  retreats  on  tO'  the 
surface  of  the  diaphragm,  which  at  once  assumes  a  bluish  ap- 
pearance; soon,  however,  the  granules  at  the  surface  attain  an 
incipient  red  heat,  producing  a  curious  mottled  effect;  finallv.  the 
whole  of  the  surface  layer  of  granules  becomes  red-hot.  and  an 
accelerated  "  surface  combustion  "  comes  into  play.  All  signs 
of  flame  disappear,  and  there  remains  an  intensely  glowing  sur- 
face— a  veritable  wall  of  fire,  but  without  flame — throwing  out 
a  genial  radiant  heat,  which  can  be  steadily  maintained  for  as 
long  as  required.     My  assistant  will  now  start  up  one  of  the 
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diaphragms  (area  i  square  foot)  on  the  table,  and  you  can  judge 
for  yourselves  both  of  the  quickness  of  the  operation  (it  takes 
but  a  minute  or  two  after  starting  up  to  attain  full  red  heat) 
and  of  the  beauty  of  the  radiant  effect  produced.  No  one,  I 
imagine,  can  see  one  of  those  diaphragms  in  operation  and  remain 
a  disbeliever  in  the  fact  and  potency  of  "  surface  combustion." 
Whilst  the  diaphragm  is  in  operation  before  you,  I  may  point 
out  some  of  tlie  more  striking  features  of  the  phenomenon  which 
it  presents.  In  the  first  place,  the  actual  combustion  is  con- 
fined within  a  very  thin  layer  (^  inch  to  34  i^ich  only)  imme- 
diately below  the  surface,  and  no  heat  is  developed  in  any  other 
part  of  the  apparatus.  Kindly  observe  that,  whilst  the  front  of 
the  diaphragm  is  intensely  hot,  the  back  of  the  apparatus  is 
quite  cold;  in  fact,  so  cold  that  I  can  lay  my  hand  on  it.  Sec- 
ondly, the  combustion  of  the  gas,  although  confined  within  such 
narrow  limits,  is  perfect,  for  when  once  the  relative  proportions 
of  gas  and  air  have  been  properly  adjusted  no  trace  of  unburnt 
gas  ever  escapes  from  the  surface.  Thirdly,  the  temperature  at 
the  surface  of  the  diaphragm  can  be  instantly  varied  at  will  by 
altering  the  rate  of  feeding  of  the  gaseous  mixture;  there  is  no 
lag  in  the  temperature  response — a  circumstance  of  great  impor- 
tance in  operations  where  a  fine  regulation  of  heat  is  required. 

The  temperature  of  a  diaphragm  working  on  a  coal  gas  and 
air  mixture,  at  a  given  rate  of  feeding.  (le])ends  on  whether  or 
not  the  intense  radiation  from  its  surface  is  impeded ;  with  a 
freely  radiating  surface,  the  temperature  of  a  properly-made 
diaphragm  may  be  maintained  at  anything  up  to  about  850^  C. 
(say  1550°  Fahr.),  according  to  the  rate  of  supply  of  the  com- 
bustible mixture.  Fourthly,  a  plane  diaphragm  such  as  this 
may  be  used  in  any  position — i.e.,  at  anv  desired  angle  between 
the  horizontal  and  vertical  planes.  Fifthly,  the  diaphragm 
method  is  amenable  to  a  variety  of  combustible  gases. 

Coal  or  coke-oven  gas  (either  undiluted  or  admixed  with 
water  gas),  natural  gas,  petrol-air  gas,  carburetted  water  gas 
are  all  well  suited  in  cases  where  imimpeded  radiation  is  re- 
quired.^ 

^  Note. — Experiments  carried  out  in  England  during  my  absence  in 
America  have  proved  that  diaphragms  may  be  successfully  worked  with 
"  Mond  gas,"  a  circumstance  which  considerably  enlarges  the  field  of  in- 
dustrial  application  of  the  diaphragm   process. 


Surface  Combustion.  113 

We  have  constructed  and  successfully  operated  plane 
diaphragms  of  all  sizes  up  to  4  square  feet  in  area  (2  feet  by  2 
feet)  and  are  able  to  vouch  from  experience  that  their  durability 
and  radiant  power  are  unimpaired  even  after  long-continued  use. 

INCANDESCENCE    NOT    DEPENDENT    ON     EXTERNAL    ATMOSPHERE. 

A  further  important  point  to  which  I  wish  to  direct  your 
attention  with  regard  to  diaphragin  heating  is  the  fact  that  the 
incandescence  of  the  surface  in  no  way  depends  upon  the  external 
atmosphere.  When  once  the  diaphragm  has  become  incan- 
descent, and  the  proportions  of  air  and  gas  supplied  in  the  mix- 
ing chamber  at  the  back  have  been  properly  adjusted,  the  surface 
will  maintain  its  incandescence  unimpaired  even  in  an  atmos- 
phere of  carbon  dioxide. 

In  order  to  demonstrate  to  you  this  point,  we  have  here  a 
chamber  with  a  glass  front  which  has  been  filled  with  carbon 
dioxide.  This  lighted  taper  is,  you  will  observe,  at  once  extin- 
guished when  plunged  into  the  chamber.  My  assistant  will  now 
plunge  into  the  chamber  a  small  diaphragm  which  is  in  a  state 
of  brilliant  incandescence.  [The  diaphragm  was  plunged  into 
the  chamber.]  You  will  observe  that,  although  the  surface  is 
now  surrounded  by  an  atmosphere  of  carbon  dioxide,  its  incan- 
descence is  unaffected. 

APPLICATIONS    OF    DIAPHRAGM    HEATING. 

I  need  hardly  point  out  to  you  the  many  obvious  purposes  to 
which  "  diaphragm  heating  "  may  be  applied.  Grilling,  roast- 
ing, toasting  are  at  once  suggested ;  others  will  doubtless  occur 
tO'  you — such  efficient  means  of  attaining  radiant  heat  can  hardly 
fail  to  find  new  industrial  uses.  It  will  suffice  if  I  demonstrate 
to  you  one  which  has  perhaps  the  charm  of  novelty,  namely,  the 
evaporation  and  concentration  of  liquids  by  means  of  radiant 
energy  emitted  from  a  diaphragm  fixed  in  a  horizontal  plane 
above  the  surface  of  the  liquid.  By  means  of  this  diaphragm 
mounted  so  that  its  incandescent  surface  is  directed  downwards, 
we  will  now  evaporate  in  this  dish  a  solution  of  sodium  silicate 
(water  glass),  an  operation  it  would  be  impossible  to  carry  out 
satisfactorily  by  the  ordinary  means  of  heating  the  vessel  by 
flame  from  below.      By  the  new  method,  however,  only  the  top- 
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most  layers  of  the  liquid  are  heated;  the  radiant  energy  of  the 
diaphragm  is  instantly  transmitted  to  the  surface  of  the  liquid, 
where  it  is  as  instantly  absorbed  and  utilized  for  the  evaporation. 
The  sodium  silicate  separates  out  as  a  skin  on  the  surface  of  the 
liquid;  it  is  then  dried  by  the  radiant  heat,  and  at  intervals  the 
crust  of  dry  sodium  silicate  may  be  skimmed  off.  In  this  way 
we  are  not  only  able  to  evaporate  the  solution  with  a  great 
economy  of  heat,  but  we  are  also  able  to  complete  the  evapora- 
tion of  highly-concentrated  solutions  much  more  easily  than  by 
means  of  heat  applied  from  below. 

INCANDESCENT   SURFACE   COMBUSTION   IN   A   BED   OF   REFRACTORY 
GRANULAR  MATERIAL. 

The  second  process  is  applicable  to  all  kinds  of  gaseous  or 
vaporized  fuels,  and  can  be  adapted  to  a  great  variety  of  both 
small-  and  large-scale  industrial  heating  operations.  It  consists 
essentially  in  injecting,  through  a  suitable  orifice,  at  a  speed 
greater  than  the  velocity  of  back-firing,  an  explosive  mixture  of 
gas  (or  vapor)  and  air  in  their  combining  proportions  into  a 
bed  of  incandescent  granular  refractory  material  which  is  dis- 
posed around  or  in  proximity  to  the  body  to  be  heated. 

I  can  perhaps  best  describe  the  process  by  the  aid  of  two 
diagrams  showing  its  applications  to  the  heating  of  crucible  and 
muffle  furnaces.  The  first  slide  on  the  screen  (Fig.  3)  shows 
the  process  as  applied  to  a  crucible  furnace.  The  crucible  is 
surrounded  by  a  bed  of  highly  refractory  granular  material. 
The  mixture  of  gas  and  air  is  injected  at  a  high  velocity  through 
a  narrow  orifice  in  the  base  of  the  furnace,  and  as  it  impinges 
upon  the  incandescent  bed  combustion  is  instantaneously  com- 
pleted without  flame. 

The  seat  of  this  active  surface  combustion  is  in  the  lowest 
part  of  the  bed ;  the  burnt  gases,  rising  through  the  upper  layers, 
rapidly  impart  their  heat  to  the  bed,  maintaining  it  in  a  high 
degree  of  incandescence.  The  next  slide  (Fig.  4)  shows  a  simi- 
lar arrangement  for  the  heating  of  a  muffle  furnace,  an  ar- 
rangement which  needs  no  further  explanation. 

It  is  obvious  that  the  process  is  adaptable  to  many  other 
furnace  operations,  as.  for  example,  to  the  heating  of  retorts, 
annealing  furnaces,  and  the  like.     Moreover,  it  is  not  essential 
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that  the  bed  of  refractory  material  shall  be  disposed  around  the 
vessel  or  chamber  to  be  heated;  it  may  be  equally  well  packed 
into  tubes  or  the  like,  traversing  the  substance  or  medium  to  be 
heated.  This  latter  modification  is,  as  we  shall  see  later,  im- 
portant in  relation  to  the  melting  of  metals  or  alloys,  and  also 
in  relation  to  steam  raising  in  multi-tubular  boilers. 

By  this  process  much  higher  temperatures  are  attainable  with 
a  given  gas  than  by  the  ordinary  methods  of  flame  combustion 
without  a  regenerative  system,  and,  as  a  matter  of  fact,  we  have 
found  that  with  any  gas  of  high  calorific  intensity  (such  as  coal 

Fig.  3. 


gas,  water  gas,  or  natural  gas)  the  upper  practicable  tempera- 
ture limit  is  determined  by  the  refractoriness  of  the  material 
composing  the  chamber  to  be  heated — i.e.,  the  muffle  or  cruci- 
ble— rather  than  by  the  possibilities  of  the  actual  combustion 
itself.  When  I  tell  you  that  in  a  crucible  fired  by  coal  gas  on 
our  system  we  have  melted  "  Seger-cone  "  No.  39,  which,  ac- 
cording to  the  latest  determination  of  the  Reichsanstahlt  in  Ber- 
lin, melts  at  1880°  C,  and  also  that  we  can  easily  melt  platinum, 
you  will  appreciate  the  possibilities  of  the  method  in  regard  to 
high  temperatures  with  gas-fired  furnaces. 

Indeed,  at  one  stage  of  the  investigation,  we  had  consider- 
able  difficulty  in   obtaining  materials    for   the   construction   of 


ii6 


William  A.  Bone. 


muffles  and  crucibles  which  would  stand  the  high  temperatures 
obtainable  with  coal  gas,  but  we  have  now  succeeded  in  con- 
structing muffles  which  will  stand  temperatures  up  to  1400°  or 
1500°  C.  It  is  obvious  that  the  bed  of  incandescent  granular 
material  must  be  composed  of  a  substance  which  will  not  at  the 
working  temperature  exercise  a  fluxing  action  upon  the  walls 
of  the  crucible  muffle  or  walls  of  the  furnace. 

For  the  very  high  temperatures  obtainable  with  coal  gas. 
water  gas,  or  natural  gas  we  employ  a  bed  composed  either  of 
fragments  of  magnesia,  which  has  been  burned  at  a  high  tem- 

FlG.  4. 


perature,  or  of  a  highly  refractory  neutral  material  specially 
prepared  for  us.  In  cases  where  temperatures  required  do  not 
exceed  1200°  C.  the  bed  of  refractory  material  may  be  composed 
of  a  good  quality  of  firebrick  crushed  and  meshed  to  a  suitable 
size. 

To  start  up  a  furnace,  gas  is  first  of  all  turned  on  and 
lighted  as  it  issues  from  the  top  of  the  furnace ;  the  air  supply  is 
then  gradually  opened  until  the  flame  strikes  back  through  the 
granular  material  and  is  arrested  at  the  orifices  in  the  base  of 
the  furnace  through  which  the  explosive  mixture  enters.  The 
flame  quickly  raises  the  granular  material  in  the  neighborhood 
of  these  orifices  to  a  state  of  incandescence,  and  "  surface  com- 
bustion "  quickly  supersedes  the  flame.     As  soon  as  the  lower 
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regions  of  the  bed  have  become  thoroughly  incandescent,  the  rate 
at  which  the  mixture  is  being  fed  into  the  furnace  may  be  mate- 
rially increased,  so  that  very  quickly  the  whole  of  the  lower 
region  of  the  incandescent  bed  becomes  the  seat  of  the  intensive 
surface  combustion. 

As  I  have  already  stated,  the  method  is  applicable  to  all  kinds 
of  'gaseous  and  vaporous  fuels,  but  naturally  the  maximum  tem- 
perature obtainable  in  any  given  case  will  depend  upon  the  vol- 
ume and  heat  capacity  of  the  products  for  a  given  heat  develop- 
ment in  the  bed. 

Thus,  whilst  with  actual  coal  gas,  water  gas,  or  natural  gas, 
it  is  possible  to  attain  temperatures  of  up  to  at  least  2000°  C. 
with  a  producer  gas,  such  as  Mond  gas,  about  1500°  C.  would 
probably  be  the  maximum  temperature  obtainable  without  re- 
generation. With  some  degree  of  regeneration,  which  in  most 
cases  would  be  quite  practicable,  these  limits  could  be  consider- 
ably exceeded. 

In  order  to  give  you  some  idea  of  the  heating  efficiency  of 
this  process,  I  have  drawn  up  in  tabular  form  on  the  next  slide 
(Fig.  5)  the  results  of  a  test  on  a  muffle  furnace  in  which  a 
muffle  9^  inches  long  by  5%  inches  wide  by  3^  inches  high 
was  heated  to  temperatures  between  815°  and  1425°  C.  with  a 
fully  aerated  coal  gas  of  540  B.Tli.Us.  (net)  per  cubic  foot. 

The  condition  under  which  the  test  was  carried  out  made 
possible  the  accurate  determination  of  the  rate  of  gas  consump- 
tion requisite  to  maintain  the  muffle  at  any  constant  temperature 
between  815^  and  1425°  C. 

Fig.  5. 

Results  of  the  Tests  with  a  Muffle  Furnace  using  Coal  Gas  of  net 

Calorific  value  540  B.Th.Us.  per  Cub.  Ft.  at  15°  C.  and  760  m.m. 

Dimensions  of  MtMe  9l4"  x  sY^"  x  354"- 

Gas  consumption  to  main- 


Temp,  in 

middle 

of  Muffle. 

tain  temp,  constant  Cub. 

Temp. 

of  P: 

roducts. 

Ft. 

per 

hour  at 

is°c.* 

Cent. 

Fahr. 

Cent. 

Fahr. 

815° 

1499° 

21.0 

540° 

1004° 

1004° 

1840° 

35-5 

645° 

1193° 

1205° 

2201° 

58.0 

870° 

1598° 

1424° 

2596° 

79-0 

T085° 

1985'' 

*These  consumptions  refer  to  Leeds  coal  gas  of  net  calorific  valae  540  B.Th.U.  per  cubic 
foot  at  15° C.  and  760  m.m.;  for  carburetted  water  gas  of  higher  calorific  value,  such  as  is  sup- 
plied in  many  American  cities,  the  consumptions  for  corresponding  temperatures  would,  of 
course,  be  somewhat  less  than  these  figures. 
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The  temperatures  given  in  the  first  two  columns  are  those 
recorded  by  a  thermo- junction  placed  in  the  middle  of  the  muffle. 
The  temperature  of  the  escaping  products  was  also  ascertained 
by  means  of  a  standard  thermo- junction.  I  particularly  want 
you  to  observe  that  the  temperature  of  the  products  is  in  every 
case  300°  to  350^  C.  low^er  than  that  of  the  muffle,  and  that  even 
with  a  muffle  temperature  of  1424°  C.  there  was  no  appearance 
of  flame  whatever  at  the  top  of  the  furnace.  The  gas  consump- 
tions recorded  in  the  middle  column  are  extremely  economical 
in  comparison  with  those  required  for  ordinary  heating  by  flame 
contact.  Thus,  for  example,  in  a  similar  test  with  a  muffle  of 
the  same  size  heated  by  flame  contact  in  a  furnace  of  modern 
design,  the  gas  consumption  to  maintain  the  muffle  at  1055°  C. 
(which  was  the  maximum  temperature  obtainable)  was  105 
cubic  feet  per  hour,  whereas  by  interpolation  from  the  above 
numbers  the  consumption  on  the  "  surface  combustion  "  furnace 
at  the  same  temperature  would  have  been  about  43  cubic  feet  per 
hour  only. 

SURFACE  COMBUSTION   AS  APPLIED  TO  STEAM   RAISING  IN    MULTI- 
TUBULAR   BOILERS. 

I  now  come  to  a  very  important  application  of  our  process 
to  the  raising  of  steam  in  multi-tubular  boilers,  and  to  the  melt- 
ing of  metals  and  alloys.  I  will,  first  of  all,  take  the  subject  of 
steam  raising,  and  by  the  aid  of  lantern  slides  I  will  endeavor 
to  explain  to  you  the  construction  and  performances  of  a  new 
type  of  gas-fired  boiler  in  which  the  principle  of  surface  com- 
bustion is  utilized. 

The  diagram  on  the  screen  (Fig.  6)  represents  an  ordinary 
multi-tubular  boiler  of  cylindrical  section.  It  is  traversed  hori- 
zontally by  a  series  of  steel  tubes,  each  3  feet  only  in  length  and 
3  inches  in  internal  diameter.  These  tubes  are  packed  through- 
out their  whole  length  with  fragments  of  a  suitable  refractory 
material,  meshed  to  a  proper  size.  Into  the  front  end  of  the 
tube,  where  the  gaseous  mixture  is  introduced,  is  fitted  a  fire- 
clay plug,  through  which  is  bored  a  circular  hole  of  about  ^- 
inch  diameter.  This  plug  serves  a  double  purpose  of  keeping 
the  front  end  of  the  boiler  cool  and  of  providing  a  suitable  aper- 
ture through  which  the  gaseous  mixture  may  be  introduced  at  a 
speed  very  much  higher  than  the  speed  of  back-firing. 

Attached  to  the  front  plate  of  the  boiler  is  a  mixing  cham- 
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ber  of  special  design  (not  shown  in  detail  on  the  diagram).  The 
mixture  fed  into  the  boiler  tubes  from  this  chamber  consists  of 
the  combustible  gas  with  a  proportion  of  air  very  slightly  in 
excess  of  that  required  for  complete  combustion.  The  mixture 
is  injected  or  drawn  in  (either  by  pressure  or  by  suction) 
through  the  orifice  in  this  fire-clay  plug  onto  the  incandescent 
material  in  the  tubes.  The  combustion  of  the  mixture  in  con- 
tact with  the  incandescent  material  is  completed  before  it  has 
traversed  a  length  of  about  6  inches  from  the  point  of  entry  to 
the  tube.     The  result  is  that  the  core  of  the  material  at  this  part 

Fig.  6. 


of  the  tube  is  maintained  at  a  high  temperature,  although  the 
loci  of  actual  contact  between  the  hot  material  and  the  w^alls 
of  the  tube  are  so  rapidly  cooled  by  the  transmission  of  heat  to 
the  water  in  the  boiler  that  they  never  attain  a  temperature  any- 
thing even  approaching  red  heat. 

The  combustion  having  been  completed,  the  remainder  of 
the  material  acts  as  a  bafiie  toward  the  burnt  gases  as  they  tra- 
verse the  tubes  at  a  high  velocity,  causing  them  to  impinge  re- 
peatedly on  the  walls  of  the  tubes.  The  usual  rate  at  which  the 
gaseous  mixture  is  fed  into  the  boiler  corresponds  to  an  hourly 
consumption  of  about  100  cubic  feet  of  coal  gas  plus  six  times 
its  volume  of  air  for  everv  tube  of  the  boiler,  or  an  equivalent 
volume — i.e.,  equivalent  as  regards  heating  capacity — of  any 
Vol.  CLXXIII,  No.  1034—10 
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other  gaseous  mixture.  Thus  in  the  case  of  a  ten-tube  boiler, 
on  which  our  original  experiments  were  made,  the  consumption 
of  coal  gas  was  about  i.ooo  cubic  feet  per  hour  plus  about  5,500 
or  6,000  cubic  feet  of  air.  This  will  convey  an  idea  of  the  ex- 
tremely rapid  rate  at  which  the  mixture  is  caused  to  traverse  the 
tubes. 

After  the  burnt  products  have  traversed  the  boiler  tubes,  and 
at  their  point  of  exit  therefrom,  it  is  found  that  their  tempera- 
ture is  never  more  than  about  70^  C.  above  that  of  the  water 
in  the  boiler,  which,  of  course,  depends  upon  the  pressure  at 
which  the  steam  is  being  generated ;  this  is  obviously  a  much 

Fig.  7. 


lower  temperature  than  that  at  wliicli  the  products  of  combus- 
tion usually  pass  away  from  a  multi-tubular  boiler.  But  in 
order  to  increase  still  further  the  efficiency  of  steam-raising  the 
products  are  passed  through  a  short  tubular  feed-water  heater 
constructed  on  the  same  jirinciple  as  the  boiler. 


THE    TEN-Tl'BE    EXPERIMENTAL    BOILER. 

I  will  now  briefly  descril)e,  by  the  aid  of  photographs  (Fig. 
7)  and  slides,  the  construction  and  performance  of  a  ten-tube 
boiler  on  which  we  have  been  experimenting  for  upwards  of  a 
year  in  Leeds.  The  connections  to  the  front  of  the  boiler  (Fig. 
7)  consist  essentiallv  of  a  tube  for  the  supply  of  gas  and  another 
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for  the  supply  of  air.  The  gas  and  air  are  mixed  before  enter- 
ing the  feeding  chamber,  which  is  attached  to  the  front  plate  of 
the  boiler;  the  gaseous  mixture  is  burned  in  the  tubes  of  the 
boiler;  the  products  pass  outwards  at  the  other  end  into  a  small 
chamber,  and  from  thence  into  the  feed-water  heater.  The  lat- 
ter contains  nine  tubes,  each  i  foot  in  length  and  3  inches  diame- 
ter, which  are  filled  with  granular  material  to  effect  the  exchange 
of  heat.  The  second  view  of  the  boiler  (Fig.  8)  shows  the  end 
at  which  the  burnt  gases  make  their  exit. 

Fig.  8. 


RESULTS    OBTAINED    WITH    THE    BOILER. 

With  regard  to  the  results  achieved  with  this  boiler,  in  our 
experimental  station  at  Armley,  there  is  no  coke-oven  gas  or  pro- 
ducer gas  available,  and  tlierefore  we  have  worked  entirely  on 
Leeds  coal  gas.  But  there  is  no  doubt  that  had  we  been  able 
to  use  the  surplus  gas  from  by-products  coke  ovens  (which  has 
practically  the  same  composition  and  calorific  value  as  Leeds 
coal  gas)  we  should  have  obtained  the  same  efficiency  as  with  the 
Leeds  gas.  The  mixture  of  gas  and  air  was  passed  into  the 
feed  chamber  of  the  boiler  at  a  pressure  of  17.3  inches  water 
gauge.  This  pressure  is  necessary  in  order  to  overcome  the 
resistance  of  the  packing  of  the  tubes  to  the  passage  of  the  gases 
through  thenL     Tlie  pressure  of  the  products  entering  the  tubes 
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of  the  feed-water  heater  was  2  inches  water  gauge.  In  carry- 
ing out  the  test,  the  water  was  evaporated  at  a  pressure  of  100 
pounds  per  square  inch  above  that  of  the  atmosphere.  The  tem- 
perature of  the  boihng  water  was  therefore  168°  C.  (or  337 
Fahr.).  The  temperature  of  the  combustion  products  leaving 
the  boiler  tubes  was  230°  C.  The  average  temperature  of  the 
products  leaving  the  feed- water  heater  was  95°  C.  (or  203° 
Fahr.).  The  temperature  of  the  water  entering  the  feed-water 
heater  was  5.5°  C.  (or  42°  Fahr.),  and  it  was  heated  to  58°  C. 
(or  136.4°  Fahr.)  before  entering  the  boiler — entirely  at  the 
expense  of  the  burnt  gases. 

Let  us  now  consider  the  heat-balance  of  the  boiler  during 
the  test.  The  amount  of  coal  gas  fed  into  the  boiler,  expressed 
as  dry  gas  at  0°  C.  and  760  mm.,  was  996  cubic  feet  per  hour. 
The  net  calorific  value  of  the  gas  was  562  B.Th.U.  per  cubic 
foot,  so  that  the  total  heat  supplied  to  the  boiler  in  terms  of  the 
net  calorific  value  of  the  gas  was  559,800  B.Th.U.  per  hour. 

As  to  the  amount  of  water  evaporated,  the  following  figures 
apply  to  the  combination  of  the  boiler  with  its  feed-water  heater, 
because  the  two  really  comprise  one  steam-raising  system.  The 
temperature  of  the  feed- water  was  5.5°  C,  and  the  steam  was 
being  raised  at  a  pressure  of  100  pounds  per  square  inch 
above  that  of  the  atmosphere.  The  actual  amount  of  water 
evaporated  was  450.3  pounds  per  hour,  which  in  terms  of  water 
evaporated  from  and  at  100°  C.  would  be  550  pounds  per  hour. 
The  actual  heat  therefrom  transmitted  to  the  water  was  450.3 
X  1172  =  527,200  B.Th.U.  per  hour.  Therefore,  the  ratio 
between  the  heat  transmitted  to  the  water  and  the  net  heat  of 
combustion  of  the  gas  burnt  was  0.943. 

It  is  one  of  the  outstanding  merits  of  the  new  system  that  we 
are  able  to  burn  the  gas  completely  with  a  minimum  excess  of 
free  oxygen,  and  during  the  test  in  question  the  average  propor- 
tion of  carbon  dioxide  in  the  combustion  products  was  as  much 
as  10.6  per  cent.,  whilst  the  oxygen  was  as  low  as  1.6  per  cent. 
A  most  careful  examination  of  the  products  failed  to  reveal  the 
presence  of  even  the  slightest  trace  of  carbon  monoxide,  hydro- 
gen, or  methane.  Therefore,  the  remainder  of  the  gas  was  sim- 
ply nitrogen.  Fven  with  as  little  as  0.5  per  cent,  of  oxygen  in 
the  products  the  combustion  of  the  gas  in  the  tubes  is  perfect, 
not  a  trace  of  comliustible  gas  escaping. 
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THE    IIO-TUBE    BOILER    FOR    COKE-OVEN    GAS    RECENTLY    ERECTED 

AT    THE    SKINNINGROVE    IRONWORKS    IN    CLEVELAND, 

YORKSHIRE. 

That  the  gas-firing  of  boilers  according-  to  the  new  system 
has  already  advanced  beyond  the  merely  experimental  stage  is 
proved  by  the  recent  erection  of  a  i  lo-tube  boiler  capable  of 
evaporating  not  less  than  550  pounds  of  water  per  hour,  to  the 
order  of  the  Skinningrove  Iron  Company,  Ltd.  (the  Cleveland 
District,  Yorkshire),  to  be  fired  by  gas  from  a  new  installation 
of  Otto-Hilgenstock  by-product  ovens  adjacent  to  their  blast 
furnaces.     I  have  brought  with  me  slides  (Figs.  9  and  10)  made 


Fig. 


from  photographs  of  the  builders"  boiler  with  its  feed-water 
heater  as  erected  in  the  shops  of  Messrs.  Richardsons  &  West- 
garth,  Middlesbrough.  The  boiler  itself  is  a  cylindrical  drum 
10  feet  in  diameter  and  only  4  feet  from  front  to  back;  it  is  tra- 
versed by  no  tubes,  each  of  3  inches  internal  diameter,  which 
are  packed  with  fragments  of  firebrick.  The  boiler  will  be 
worked  under  the  suction  of  a  fan,  capable  of  producing  a  "  suc- 
tion "  of  20  inches  water  gauge.  To  the  front  of  the  boiler  is 
attached  a  device  whereby  gas  at  2  inches  water  gauge  pressure 
from  a  suitable  feeding  chamber,  together  with  a  proper  pro- 
portion of  air  from  the  outside  atmosphere,   is  drawn    (under 


124 


William  A.   Bone. 


the  suction  of  the  fan)  through  a  short  "mixing  tube"  into 
each  of  the  no  tubes  of  the  boiler,  where  it  is  burnt  without 
flame  in  contact  with  the  incandescent  granular  material.  The 
products  of  combustion,  having  traversed  the  4-foot  length  of 
packed  tube,  will  pass  outwards  into  a  semicircular  chamber  at 
the  back  of  the  boiler,  and  thence  through  a  duct  to  the  tubular 
feed-water  heater  which  is  depicted  in  the  second  photograph. 
The  fan,  which  is  attached  to  this  feed-water  heater,  will  suck 
out  the  cooled  products  and  discharge  them  through  a  short  duct 
into  the  atmosphere  outside  the  boiler  house.^ 

Fig.  10. 


I  have  perhaps  already  said  enough  about  the  boiler  and  its 
working  to  convince  you  that  it  at  least  gives  promise  of  com- 
bining structural  simplicity,  high  thermal  efficiency,  and  concen- 
tration of  power  in  a  degree  which  is  absolutely  unicjue.  From 
the  constructional  point  of  view  nothing'  could  be  simpler  or 
more  compact  than  a  cylindrical  shell  only  4  feet  long  by  10  feet 
in  diameter,  supported  on  a  casting  and  requiring  neither  elabo- 

*  Since  the  lecture  was  delivered,  the  hoiler  plant  referred  to  has  been 
successfully  started  without  a  hitch,  and  has  been  working  quite  smoothly 
night  and  day  for  upwards  of  a  month.  With  water  of  5°  hardness  there 
have  been  no  signs  whatever  of  priming,  and  the  average  temperature  of 
the  combustion  products  leaving  the  feed-water  heater  has  been  about  75°  C. 
The  plant  was  taken  over  and  paid  for  by  the  Skinningrove  Iron  Company 
within  a   month   of   its   being   started   up. 
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rate  brick-work  setting  nor  chimney.  It  has  the  further  struc- 
tural advantage  over  all  other  multi-tubular  boilers  in  that  the 
front  plate  can  never  be  heated  beyond  the  temperature  of  the 
water,  however  much  the  firing  may  be  forced,  a  circumstance 
which,  coupled  with  the  extremely  short  length  of  the  tubes,  im- 
plies an  absence  of  strain  and  greatly  reduces  the  risk  of  leaky 
joints.  Another  feature  of  the  boiler,  which  makes  for  effi- 
ciency, is  the  steep  "  cz'iip oration  gradient  "  along  the  tubes. 
Under  the  normal  working  condition,  the  '"  mean  evaporation  " 
exceeds  20  pounds  per  square  foot  of  heating  surface,  or  about 
twice  that  of  a  locomotive  boiler.  Of  the  total  evaporation,  no 
less  than  70  per  cent,  occurs  over  the  first  part  length  of  the 
tubes,  22  per  cent,  oyer  the  next  part,  and  about  8  per  cent,  over 
the  third  part.  Such  a  steep  gradient  causes  a  considerable  nat- 
ural circulation  of  the  water  in  the  boiler,  a  factor  of  great  im- 
portance from  the  point  of  view  of  good  working.  In  regard  to 
thermal  efficiency,  I  venture  to  claim  that  a  boiler  unit  which, 
whilst  evaporating  20  pounds  of  water  per  square  foot  of  heat- 
ing surface,  transmits  upwards  of  90  per  cent,  of  the  net  heat 
of  combustion  of  the  gas  to  the  water,  and  which,  if  need  be, 
can  be  forced  tO'  a  50  per  cent,  higher  "  duty  "  with  only  a  slight 
drop  in  efficiency,  stands  unrivalled  as  a  steam-raiser.  More- 
over, in  the  case  of  a  large  boiler  of  (say)  100  tul)es,  "elas- 
ticity "  may  be  conferred  by  arranging  the  tubes  in  groups,  so 
that  they  may  be  either  fired  up  or  conversely  shut  off  group 
by  group,  successively,  in  correspondence  w^ith  variations  in  the 
load. 

THE    MELTING    OF    EASILY    FUSIBLE    METALS    AND    ALLOYS. 

It  will  be  readily  understood  that  the  principle  embodied  in 
the  boiler  is  capable  of  great  extension.  Thus,  for  example : 
( I )  The  preliminary  concentration  of  dilute  solutions  and  the 
heating  of  liquids  generally;  (2)  the  heating  of  large  volumes 
of  air;  and  (3)  the  melting  of  easily  fusible  metals  and  alloys. 

Unfortunately,  time  does  not  permit  of  my  dealing  with  these 
further  applications  in  every  detail.  I  should  like,  however,  to 
refer  briefly  to  the  results  of  our  experiments  upon  the  fusion 
of  metals.  Our  attention  was  first  drawn  to  this  subject  by  one 
of  the  London  gas  companies,  which  represented  to  us  that  there 
would  be  a  large  field  of  usefulness  for  our  process  in  the  melt- 
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ing  of  type  metal  for  newspaper  purposes.  The  printing  of  a 
newspaper  of  large  circulation  requires  a  continuous  supply  of 
molten  type  metal,  and  we  are  reliably  informed  that  one  of  the 
leading  London  newspapers  requires  20  tons  of  molten  type  metal 
continuously  at  hand  during  16  out  of  the  24  hours.  In  the  ex- 
periments which  I  now  propose  to  describe  to  you,  lead  has  been 
used  instead  of  type  metal,  but  the  method  is  applicable  to  all 
metals  or  alloys  wdiose  fusion  points  lie  below  about  600  C. 
The  diagram  (Fig.  11)  on  the  screen  represents  an  iron  tank, 
efficiently  lagged  and  filled  to  the  top  with  molten  lead  at  a  tem- 
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perature  some  50  degrees  or  thereabouts  above  its  melting  point. 
In  the  molten  bath  is  fixed  an  iron  tube  some  2  or  3  feet  in  length 
and  of  3  inches  internal  diameter.  This  tube  is  packed  (like 
one  of  the  boiler  tubes)  with  a  suitable  granular  refractory  mate- 
rial, and  there  are  suitable  arrangements  for  the  introduction  of 
the  explosive  mixture  of  gas  and  air  ^^•hich  is  to  be  burned  in  the 
tube.  When  once  the  device  has  been  started  up  it  will  work  con- 
tinuously for  days  together.  Solid  lead  is  continuously  fed  into 
the  apparatus,  and  the  molten  metal  is  allowed  to  run  over 
through  the  spout  indicated  in  the  diagram.  For  the  sake  of 
simplicity  I  have  described  and  illustrated  a  small  tank  fitted  with 
one  combustion  tube,   but   experiments  have  been   carried   out 
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with  tanks  holding-  up  to  8  tons  or  more  of  molten  metal  in 
which  a  series  of  combustion  tubes  are  fixed.  By  means  of  such 
an  apparatus,  lead  (or  other  fusible  metals  or  allo}-s)  may  be 
melted  not  only  very  rapidly  but  with  extraordinary  efficiency, 
and  as  an  example  of  this  I  will  quote  the  results  of  a  test  car- 
ried out  at  our  experimental  station  with  a  single-tube  apparatus. 
These  may  be  conveniently  tabulated  as  follows : 

Fig.  12. 
Lead    Melting    Test. 

Cent.  Fahr. 

Temperature  of  metal  charged     15°  60° 

Temperature  of  metal  tapped    372°  702° 

Temperature  of  ga^ses   leaving  apparatus 500°  932° 

Lead  melted  per  hour  =1176  lbs. 

Gas  burnt  per  hour  ^  100  cub.   ft.  at  N.T.P. 

Net.  cal.  value  of  gas  =  559  B.Th.U.  per  cub.   ft.   at  X.T.P. 

Heat  required  to  raise  1176  lbs.  of  lead)  ^   ^^        ^  ,^  .^  „,   ^^ 

f  ,-°  r-   *     0^0°   r  r=   1176   X   Z^-^7  =   38.420   B.Th.U. 

from  15     C.  to  Zl^     C.  \ 

38,420 

Ratio =  0.686 

55-900 

Actual     "  efficiency"     of     the     operation,  l 

considering    that    the    bath    was    main-  \  =      about    80    per    cent,    of    that 
tained  at  372°  C.  J  theoretically  possible. 

The  conditions  of  the  test  were  so  arranged  that  the  mean 
temperature  of  the  molten  metal  in  the  apparatus  (as  ascertained 
by  a  thermo- junction)  was  372°  C,  throughout  the  test.  Lead 
ingots,  each  weighing  about  30  pounds,  were  added  at  intervals 
of  i^  minutes;  the  molten  metal  displaced  was  simultaneously 
run  off  into  moulds.  Great  care  was  taken  to  keep  the  bath 
thoroughly  molten  and  at  a  temperature  within  a  few  degrees 
of  the  mean  value.  Burning  gas,  of  net  calorific  value  559 
B.Th.U.  per  cubic  foot,  at  the  rate  of  100  cubic  feet  per  hour,  it 
was  found  possible  to  raise  the  temperature  of  11 76  pounds  of 
lead  per  hour  from  15°  to  372°  C,  the  temperature  of  the  pro- 
ducts of  combustion  leaving  the  tube  keeping  constant  at  500° 
C,  or  only  128  degrees  above  the  temperature  of  the  molten 
metal.  From  the  latest  determination  by  Spring  of  the  specific 
heat  of  lead  at  temperatures  up  to  and  above  its  melting  point, 
and  adopting  the  usually  accepted  value  for  the  latent  heat  of 
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fusion  of  lead,  1  calculate  that  the  heat  required  to  raise  the 
temperature  of  i  pound  of  lead  from  15°  C.  to  372 "^  C.  (in- 
cluding melting)  is  32.67  B.Th.U.  Therefore  the  heat  trans- 
mitted to  the  lead  per  hour  during  the  experiment  was  11 76  X 
32.67  =  38,420  B.Th.U.,  whereas  the  net  calorific  value  of  the 

38420 
gas  1)urnt  per  hour  was  55.900  B.Th.U.,  the  ratio ^0.686. 

55900 
Inasmuch,  however,  as  the  net  heat  of  combustion  of  the  gas  is 
based  on  the  assumption  that  the  products  of  combustion  (less 
steam)  are  cooled  down  to  15°  C,  whereas  in  the  experiment 
the  temperature  of  the  molten  metal  was  372°  C,  it  follows  that 
the  high  ratio  of  0.686  does  not  do  full  justice  to  the  merits  of 
the  system.  Under  "  ideal  "  conditions,  the  temperature  of  the 
gases  leaving  the  combustion  tube  could  not  have  been  reduced 
to  below  372°  C. ;  it  was  actually  reduced  to  within  130°  of  this 
"  ideal  "  limit.  Taking  these  circumstances  into  consideration, 
I  calculate  that  the  "  efficiency  "  of  the  melting  operation  was 
practically  80  per  cent,  of  that  theoretically  possible. 


Having  now  concluded  the  formal  part  of  my  discourse,  it 
remains  for  me  to  thank  you  for  the  close  attention  with  which 
you  have  follo\\ed  my  attempt  to  deal  with  the  salient  features 
of  this  new  development  in  scientific  technology.  After  a  brief 
interval,  during  which  my  assistant,  Mr.  Hamilton  Davies,  will 
complete  his  preparations,  we  will  proceed  with  the  experimental 
demonstration,  which,  with  your  kind  indulgence,  will  probably 
occupy  about  another  hour. 


Since  this  lecture  was  delivered  in  Philadelphia  a  further 
experiment  with  the  object  of  determining  the  maximum  tem- 
perature obtainable  by  means  of  artificial  illuminating  gas  has 
been  tried.  An  alundum  crucible  of  an  extremely  high  refrac- 
tory character  containing  a  Seger  Cone  No.  39  was  completely 
melted  down,  showing  that  a  temperature  approximating  2000° 
C.  had  been  obtained. 
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experimental  demonstration. 

During  the  demonstration  whicli  followed  the  lecture  the 
following  experiments  were  shown  : 

(a)   Diaphragm  Heating. 

(i)  Two  square  diaphragms  (each  i  foot  x  i  foot),  mounted 
as  described  in  the  lecture  (see  Fig.  2),  were  lighted  up.  Gas 
alone  was  first  turned  on  and  ignited  by  a  taper  as  it  issued 
from  the  face  of  the  diaphragm,  giving  rise  to  a  large,  luminous 
flame.  Air  was  next  gradually  added;  the  flame  diminished  in 
size,  and  after  a  momentary  increase  in  brightness  soon  became 
non-luminous.  A  moment  later,  it  retreated  on  to  the  surface 
of  the  diaphragm,  causing  it  gradually  to  glow.  As  the  glow 
of  the  surface  increased  the  flame  gradually  disappeared  until 
finally,  when  the  whole  of  the  surface  had  attained  bright  incan- 
descence, it  could  no  longer  be  detected.  The  diaphragms  were 
now  emitting  an  intense  radiant  heat,  the  influence  of  which 
could  be  felt  far  into  the  auditorium.  The  lecturer  pointed  out 
that,  although  the  front  of  the  diaphragm  was  in  a  state  of  bright 
incandescence,  the  back  of  the  apparatus  was  so  cold  that  he 
could  lay  his  hand  upon  it ;  indeed,  it  felt  cold  to  the  touch. 

(2)  A  circular  diaphragm,  in  a  state  of  bright  incandescence, 
was  plunged  into  a  chamber  full  of  carbon  dioxide,  and  through 
which  a  current  of  carbon  dioxide  was  uninterruptedly  passed. 
The  front  of  the  chamber  facing  the  audience  was  of  glass. 
It  was  seen  that  the  incandescence  of  the  diaphragm  was  in  no 
way  diminished  on  being  placed  in  the  chamber,  a  circumstance 
due  to  the  fact  that  sufficient  air  to  comj^letely  burn  the  gas  is 
introduced  into  the  feeding  chamber  at  the  back  of  the  diaphragm 
and  also  that  the  flameless  combustion  at  the  surface  of  the 
diaphragm  is  instantaneously  completed. 

(3)  The  application  of  the  diaphragm  principle  to  the  con- 
centration and  evaporation  of  licjuids  w^as  demonstrated  by 
directing  the  radiant  heat  from  a  diaphragm  downwards  on  to 
the  surface  of  a  solution  of  sodium  silicate  contained  in  a  large 
porcelain  basin.  The  lecturer  pointed  out  how  in  this  way  the 
layers  of  liquid  immediately  below^  the  surface  only  were  heated, 
the  main  body  remaining  cold,  except  for  a  small  amount  of 
heat  conveyed  to  it  by  conduction.     No  sooner  had  the  experi- 
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ment  begun  than  a  rapid  evaporation  in  the  surface  layers  of 
the  liquid  could  be  observed.  This  was  succeeded  by  the  forma- 
tion of  a  skin  of  sodium  silicate,  which  was  periodically  removed 
by  means  of  a  glass  rod ;  the  salt  separating  out  at  the  surface  was 
speedily  dried  by  the  radiant  heat,  and  when  removed  was  in  the 
form  of  a  dry,  snow-like  mass  which  could  be  easily  powdered 
by  slight  pressure  in  the  palm  of  the  hand.  The  lecturer  again 
reminded  his  audience  that  the  rapidity  and  efficiency  of  this  new 
method  of  evaporation  depended  on  the  fact  that  the  required 
energy  was  transmitted  from  its  source  to  the  liquid  instan- 
taneously in  a  radiant  form,  instead  of  (as  in  existing  methods) 
relying  chiefly  on  the  infinitely  slower  transmission  by  either 
conduction  or  convection. 

(b)   Steam  Raismg. 

The  lecturer  explained  that  it  had  not  been  found  practicable 
to  carry  across  the  Atlantic  the  small  three-tube  experimental 
boiler  (capable  of  steaming  at  100  pounds  per  square  inch  pres- 
sure) exhibited  at  the  Royal  Institution  of  Great  Britain  on 
April  6th  last.  In  substitution,  he  had  brought  over  with  him 
a  single  tube,  3  feet  in  length  and  3  inches  in  internal  diameter, 
suitably  mounted  on  a  trough  of  water  which  was  open  to  the 
atmosphere.  The  tube  was  fitted  with  a  fire-clay  plug,  and 
packed  with  suitable  refractory  granular  material,  exactly  as  in 
the  case  of  the  boiler  tubes.  He  would  now  fire  up  the  tube  with 
a  mixture  of  gas  and  air  on  the  new  principle  explained  in  the 
lecture,  and  would  afterwards  invite  the  audience  to  file  past  the 
trough  in  order  that  each  person  might  judge  for  himself  of  the 
extraordinary  efficiency  and  rapidity  of  the  evaporation.  A 
centigrade  thermometer  would  be  placed  with  its  bulb  in  the 
end  of  the  tube  from  which  the  burnt  gases  made  their  exit, 
and  the  lecturer  predicted  that  the  temperature  would  now  rise 
beyond  about  210°,  when  gas  at  the  rate  of  100  to  120  cubic 
feet  per  hour  plus  the  air  required  for  complete  combustion  was 
being  burnt  in  the  tube.  (This  was  subsequently  verified.) 
He  would  ask  the  members  of  the  audience  to  notice  how  the 
greater  part  of  the  evaporation,  actually  70  per  cent,  of  the 
whole,  took  place  over  the  first  foot  of  the  tube,  a  circumstance 
which  produced  a  vigorous  natural  circulation  in  the  boiler. 
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(c)    The  Firing  of  a  Muffle  Furnace. 

A  furnace  carrying  a  muffle  g]^  inches  long  x  5^  inches 
wide  X  354  inches  high  (in  side  measurements)  was  next  fired 
up  as  described  in  the  lecture.  As  the  lecturer  explained  it 
would  take  about  thirty  minutes  for  the  furnace  to  attain  any- 
thing like  its  full  working  temperature,  which  in  this  case 
would  be  about  1400  to  1500°  centigrade — a  dazzling  white 
heat — he  would  ask  those  of  the  audience  who  wished  to  stay 
until  this  was  attained  to  note  three  things,  namely :  ( i )  the 
uniform  heating  of  the  muffle  chamber,  (2)  the  flamelessness  of 
the  combustion,  and  (3)  the  comparative  coolness  of  the  burnt 
gases  issuing  from  the  two  holes  at  the  top  of  the  furnace. 
Indeed,  he  would  venture  to  predict  that  it  would  be  found 
possible  to  hold  a  hand  in  these  products  within  two  or  three 
inches  of  their  issuing  from  the  furnace.  (These  points  were 
subsequently  verified  by  a  number  of  persons  who  remained  to 
see  the  furnace  at  its  full  working  temperature. ) 


The  Use  of  Carbon  Tetrachloride  as  a  Fire  Extinguisher. 

Anon.  {Revue  Scient.,  xlix,  17,  536.) — Carbon  tetrachloride  is 
manufactured  by  passing  chlorine  over  hot  carbon  bisulphide.  A 
mixture  of  the  vapors  of  sulphur  and  of  carbon  tetrachloride  is  set 
free  and  then  condensed.  The  liquid  mixture  is  treated  with  sodium 
hydroxide,  which  combines  with  the  sulphur  to  form  compounds 
soluble  in  water,  but  leaves  the  tetrachloride  intact.  The  liquids 
are  allowed  to  remain  at  rest,  the  very  dense  tetrachloride  collects 
in  a  lower  layer,  and  the  sulphur  compounds  are  decanted.  The 
carbon  tetrachloride  is  an  excellent  solvent  of  fatty  matters,  and  has 
this  advantage  over  the  ordinary  solvents  and  over  carbon  bisul- 
phide, of  being  absolutely  incombustible.  Its  vapor  actually  ex- 
tinguishes fire,  and  as  it  is  very  volatile  it  is  used  as  a  fire  ex- 
tinguisher and  has  given  great  satisfaction.  It  is  frequently  used 
in  railroad  cars.  Carbon  tetrachloride  is  colorless,  clear,  neutral, 
and  has  a  density  of  1.6,  and  boils  at  78°  C.  Its  vapor  is  a  good 
insulator  and  is  very  efficient  in  extinguishing  arcs  produced  by 
short  circuiting.  Thus  it  is  useful  in  electric  installations.  It  is 
used  as  a  solvent  to  extract  oil  from  seeds ;  in  certain  cases  it  is 
advantageous  to  mix  it  with  benzine.  It  is  easy  to  mix  the  two 
in  such  proportions  that  the  mixture  is  uninflammable  at  the  tem- 
perature at  which  it  is  to  be  used,  and  so  that  the  vapor  shall  not 
become  explosive  in  air.  At  70°  C.  a  mixture  of  one-half  carbon 
tetrachloride  and  one-half  benzine  is  perfectly  safe. 
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Thunderbolts.  W.  M.  Thornton.  {Phil.  Mag.,  xxi,  630.)  — 
The  term  thunderbolt  is  generally  applied  both  to  the  rare 
phenomenon  of  ball  lightning  and  to  meteoric  stones.  In  the  latter 
case  its  only  meaning  is  that  their  luminous  path  resembles  lightning, 
or  that  they  cause  great  atmospheric  disturbance.  Here  the  term 
is  applied  only  to  ball  lightning.  The  singularity  of  ball  lightning 
consists  in  the  complete  isolation  of  a  gaseous  sphere  having  no  en- 
velope, yet  within  which  there  is  energy  stored  by  previous  electrical 
action,  which  in  the  end  is  liberated  with  explosive  violence.  From 
the  few  records  of  its  appearance  these  facts  may  be  considered  as 
established :  It  is  observed  as  a  luminous  blue  ball,  occurring  after 
very  intense  lightning  flashes,  either  falling  slowly  from  clouds,  or 
moving  horizontally  some  feet  above  the  earth's  surface.  It  is  more 
frequently  seen  at  sea  than  on  land.  It  appears  to  move  under  the 
action  of  gravitation  on  a  mass  somewhat  denser  than  air,  or 
horizontally  in  a  feeble  air  current  or  an  electric  field  of  force. 
The  final  features  are  significant:  The  ball  ceases  to  exist,  and  an 
explosion  wave  travels  outwards  from  the  locus  it  occupied.  In 
all  cases  a  strong  smell  of  ozone  follows  its  disappearance.  It  is 
clear  there  can  be  nothing  present  in  it  but  the  gases  of  the 
atmosphere.  All  records  agree  that  a  thunderbolt  is  somewhat 
heavier  than  air.  and  the  following  facts  indicate  that  thunderbolts 
consist  mostly  of  ozone  in  active  recombination :  ( i )  Ozone  is 
stated  to  be  observed  on  their  dissipation.  (2)  Ozone  is  the  only 
gas  denser  than  air  produced  under  electric  stress  in  air,  as  distinct 
from  streaming  spark  discharge.  (3)  On  approaching  the  eartli 
thunderbolts  are  frequently  deflected,  and  travel  horizontally  as  if 
repelled.  The  earth's  surface  and  ozone  are  both  negatively  charged 
in  general.  (4)  The  energy  liberated  on  the  transition  of  ozone  to 
oxygen  in  the  volume  of  the  fireball  is  sufficient  to  account  for 
the  explosive  violence  of  its  burst.  (5)  The  blue  color  usually 
observed  is  associated  with  the  sparkless  electrical  discharge  in  air 
which  produces  ozone.  It  has  been  observed  that  when  oxygen  and 
hydrogen  combine  explosively,  in  the  presence  of  nitrogen  the  ex- 
plosion flame  is  yellow.  Hence  the  suggestion  that  the  principal 
constituent  of  thunderbolts  is  an  aggregation  of  ozone  and  partially 
dissociated  oxygen. 

Tellurium  and  Zinc  Alloys.  M.  Kobayashi.  (Mem.  Coll.  Sci. 
Imp.  Univ.,  Kyoto,  iii,  217) — A  thermal  and  micrographic  study 
showed  that  tellurium  and  zinc  form  the  compound  JeZn,  which 
consists  of  dark-red  to  black  crystals,  with  a  melting  point  of 
1 238.5 °C.  and  specific  gravity  5.54  at  I3°C.  This  compound  rs 
miscible  with  tellurium  in  the  molten  condition,  and  the  melting 
point  falls  as  the  proportion  of  tellurium  increases,  till  it  reaches 
the  melting  point  of  pure  tellurium,  443-5 °C.  The  compound 
appears  nearly  immiscible  with  zinc  when  molten. 
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Part  I — Aerostatics. 
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A.    F.   ZAHM,    Ph.D. 

As  some  knowledge  of  the  .science  of  equilibrium  and  motion 
of  fluids  is  essential  to  the  intelligent  study  of  aeronautics,  it 
seems  advisable  to  present  a  few  of  the  main  principles  of  that 
science  illustrated  by  practical  applications. 

Aeromechanics  may  l)e  divided  into  two  branches :  aerostatics 
and  aerodynamics.  Aerostatics  is  the  science  of  equilibrium  of 
a  gaseous  fluid :  aerodynamics  is  the  science  of  motion  and 
resistance  of  such  a  fluid.  The  two  branches  may  be  treated 
in  succession.  We  shall  begin  with  aerostatics,  or.  still  better, 
with  the  general  science  of  fluid  statics. 

When  a  fluid  is  at  rest,  or  moving  with  equal  velocity  at 
eveiy  point,  it  can  offer  no  resistance  to  change  of  shape ;  that 
is,  it  can  sustain  no  shearing  force.  Its  pressure  against  any 
surface  is.  therefore,  normal  to  that  surface.  From  this  it  easily 
follows  that  the  pressure  at  any  point  of  a  static  ^  fluid  is 
equal  in  all  directions ;  for  otherwise  a  short  filament  of  fluid 
at  the  point,  extending  in  any  two  directions  of  unequal  pres- 
sure, would  move  in  the  direction  of  the  lesser  pressure,  since 
the  filamental  wall  can  exert  no  tangential  restraining  force, 
being  assumed  frictionless.  Hence  the  term  hydrostatic  pres- 
sure is  commonly  used  for  the  stress,  or  force,  acting  at  a  point 
in  a  material  sub.stance,  when  no  tangential  or  shearing  effort  is 
present. 

This  hydrostatic  condition  obtains  in  natural  fluids  only  w^hen 
they  are  at  rest  or  mo\'ing  without  change  of  shape.  In  perfect 
or  frictionless  fluids,  which  are  purely  hypothetical,  the  pres- 
sure at  every  point  is  hydrostatic,  whether  the  fluid  be  still 
or  moving  without  acceleration :  but  in  natural  fluids,  such  as  an- 
or  water,  if  there  is  shearing  motion  of  any  kind,  there  is  sure 

*  Abstracted  from  the  writer's  forthcoming  popular  treatise  on  aero- 
mechanics. 

'  By  static  fluid  is  meant  one  that  is  not  changing  shape  or  velocity. 
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to  be  friction,  either  superficial  or  internal.     This  must  be  reck- 
oned with,  and  is  duly  considered  in  the  kinetics  of  fluids. 

For  a  long  time  aeronautical  investigators  believed  that  the 
pressure  of  a  gas  or  of  air  against  a  solid  surface  is  perpendicu- 
lar, whether  the  fluid  be  gliding  over  the  surface  or  not  But  it 
has  been  amply  proved  that  when  relative  motion  exists  between 
the  surface  and  fluid  there  is  always  surface  friction,  increasing 
rapidly  with  the  speed,  and  hence  that  the  force  on  the  surface 
cannot  be  normal. 

From  the  assumption  that  hydrostatic  pressure  is  normal 
to  a  surface  follows  a  second  principle,  vis. :  tliat  a  pressure 
applied  at  any  point  of  a  static  fluid  is  transmitted  undiminished 
to  all  parts  of  the  fluid.  For  suppose  a  small,  open,  cylindrical 
tube  to  reach  from  where  the  pressure  is  applied  in  the  fluid  to 
where  it  is  transmitted  in  any  direction  taken  at  random. 
Since  the  column  of  fluid  in  the  tube  is  at  rest,  the  pressures 
on  its  opposite  ends  must  balance,  if  gravity  can  be  ignored, 
because  they  are  the  only  lengthwise  forces  acting  on  the  column, 
the  wall  pressure  being  exactly  normal  to  the  length.  Hence 
the  pressure  at  the  two  points  is  equal,  and  the  transmission 
is  perfect. 

As  an  example  of  the  undiminished  transmission  of  pres- 
sure, if  a  loose-fitting  cork  in  a  jug  full  of  water  be  struck  inward 
by  a  sharp  blow  of  the  hand  the  bottom  will  break  out;  if  a  plug 
be  driven  into  a  cast-iron  shell  filled  with  liquid  the  shell  will 
burst.  Again,  the  w^ater  pressure  in  a  faucet  is  the  same  as  in 
the  far-away  reservoir  at  the  same  level,  if  the  water  is  not 
flowing.  So  also  the  pressure  of  gas  or  air  is  constant  at  all 
points  at  the  same  level  in  a  system  of  distributing  pipes,  if  the 
fluid  is  at  rest  and  at  uniform  temperature. 

The  above  ignoration  of  gravity  is  quite  common  in 
engineering,  as  when  computing  the  pressure  of  steam  in  an 
engine  or  water  in  a  hydraulic  press.  But  if  gravit}-  be  taken 
accf.unt  of,  it  is  easily  seen  that  the  difference  of  fluid  pres- 
sure per  square  unit,  at  any  two  levels  in  the  fluid,  equals  the 
weight  of  a  vertical  column  of  liquid  joining  the  levels,  and  of 
one  square  unit  cross-section. 

From  the  last  consideration  it  follows  that  a  submerged 
body  is  buoyed  up  by  a  force  equal  to  the  weight  of  the  displaced 
fluid.  For  the  difference  of  vertical  pressure  on  the  ends  of 
any  small  vertical   prism  drawn  in   the  body   from  surface  to 
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surface,  at  different  fluid  levels,  is  the  weight  of  a  like  prism  of 
the  fluid;  hence  for  the  whole  body  the  difference  of  the  whole 
upward  and  downward  components  of  pressure  on  its  surface 
is  the  weight  of  the  fluid  displaced.  Or,  otherwise,  suppose 
the  body  replaced  by  frozen  fluid.  This  has  the  same  surface 
pressure,  and  its  buoyancy  evidently  equals  the  weight  of  the 
displaced  fluid.  Whether  the  body  is  submerged  or  buoyed 
on  the  fluid  surface,  the  above  argument  is  valid;  hence,  in 
general,  the  buoyancy  of  a  body  equals  the  weight  of  the  dis- 
placed fluid.  This  is  Archimedes'  principle.  Evidently  the 
principle  is  true  for  a  body  iiTimersed  in  a  heterogeneous  fluid 
or  in  several  fluids  of  different  densities. 

Since  the  surface  pressures  on  any  immersed  body  are 
the  same  as  on  a  like  body  of  the  frozen  fluid,  whose  centre  of 
gravity  evidently  coincides  with  the  centre  of  buoyancy, 
it  follows  that  the  centre  of  buoyancy  of  any  immersed 
body  must  be  at  the  centroid  ^  of  the  fluid  displaced.  The 
immersed  body  will,  therefore,  be  in  stable,  unstable,  or  neutral 
equilibrium,  according  as  its  centre  of  mass  is  below,  above,  or 
at  the  centre  of  buoyancy.  In  a  common  free  balloon,  for 
example,  in  all  ordinary  positions,  the  centroid  of  the  entire 
mass  of  envelope  and  load  is  well  below  the  centre  of  buoyancy; 
hence  the  stability  is  secure. 

In  general,  a  floating  balloon  is  not  at  rest  vertically,  but 
rises  or  falls.  If  the  balloon  has  surplus  buoyancy  and  a 
slack  envelope,  it  may  rise,  enlarging  in  bulk  till  the  envelope 
is  fully  distended  or  till  the  air  is  so  light  that  its  displaced 
mass  does  not  exceed  the  mass  of  the  balloon.  Before  this 
altitude  of  vertical  equilibrium  is  attained,  and  before  the  envelope 
is  fully  distended,  a  slight  change  of  mass  may  cause  a  great 
change  of  level,  because  the  altering  volume  of  the  globe  nearly 
compensates  the  alteration  of  atmospheric  density.  Especially 
is  this  true  if  the  framing  and  cargo  have  relatively  slight 
bulk,  as  in  a  sounding  balloon.  But  it  is  not  well  to  assume, 
as  some  writers  do,  that  the  strength  of  the  envelope  will  prevent 
the  gas  expanding,  and  thereby  bring  about  static  equilibrium; 
for  the  gas  so  confined  may  easily  burst  the  balloon.  For  this 
reason,  the  neck  of  the  envelope  below  is  usually  left  open,  or 

*  Centroid  means  centre  of  mass,  which  is  commonly  taken  as  the  centre 
of  gravity. 
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feebly  closed,  in  order  to  relieve  undue  pressure  when  the  bag 
is  distended. 

Simple  applications  of  the  foregoing  principles  are  some- 
times very  useful  in  designing  or  understanding  aircraft.  In 
illustration  we  may  take  a  few  examples  of  balloon  construc- 
tion. But  first  let  it  be  required  to  find  the  resultant  pressure 
at  the  top  of  a  vertical  tube  full  of  light  gas,  if  the  tube  be 
open  below  and  closed  above. 

At  tlie  open  bottom  of  the  supposed  tube  the  pressures  of 
air  and  gas  are  equal.  At  the  top  the  air  pressure  is  less  than 
at  the  bottom  by  the  weight  of  a  unit  square  column  of  air  having 
the  length  of  the  tube,  while  the  gas  pressure  there  is  less  by  the 
weight  of  a  gas  column  of  the  length  of  the  tube.  Hence  at 
top  the  gas  pressure  exceeds  the  air  pressure  by  the  difference  in 
weight  of  the  columns  of  gas  and  air.  Thus  occurs  a  resultant 
outward  pressure  of  the  gas,  which  increases  from  nothing  at 
the  bottom  to  a  maximum  at  the  top  of  the  tube,  and  at  any 
other  point  is  directly  proportional  to  the  distance  from  the 
bottom  of  the  tube.  This  increase  of  outward  pressure  is,  for 
hydrogen  (roughly),  0.08  of  a  pound  per  square  foot  for  each 
foot  above  the  bottom  of  the  gaseous  column,  near  sea  level. 

From  this  simple  example  it  follows  that  the  resultant 
internal  pressure  in  a  hydrogen  balloon  increases  one  pound  per 
square  foot  for  each  twelve  feet  above  any  fixed  point  in  the 
envelope,  the  pressure  at  any  given  level  being  everywhere  the 
same.  It  thus  appears  that  if  the  envelope  be  very  high,  or 
have  a  long,  vertical  neck  filled  with  gas,  or  if  a  long,  unicellular 
dirigible  rears  up,  the  top  pressure  may  become  dangerously 
great.  Ignorance  or  neglect  of  this  consideration  occasionally 
leads  to  monstrous  and  impracticable  designs,  and  sometimes 
to  disaster.  Thus  a  balloon  with  a  long  neck  has  been  known 
to  burst  at  the  top,  as  a  cask  is  burst  by  pouring  in  water 
through  a  tall,  narrow  tube.  A  long  dirigible  has  come  to  grief 
by  rearing  in  flight  so  that  the  internal  pressure  caused  the  prow 
to  explode.  Designers  of  mammoth  airships  should,  therefore, 
take  precautions  to  ensure  their  colossal  craft  against  splitting 
along  the  back  or  rearing  and  exploding  at  the  prow. 

From  the  foregoing  principles,  also,  can  be  computed  the 
bursting  pressure  of  an  envelope  if  the  unit  tensile  strength 
of  its  fabric  is  known.     If  the  envelope  is  spherical  the  entire 
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internal  pressure  on  the  area  of  the  equatorial  circle  equals  the 
whole  tensile  strength  of  the  fabric  around  the  circumference. 
In  other  words,  to  find  the  bursting  pressure  divide  the  entire 
circumferential  strength  by  the  equatorial  area;  or,  more 
simply,  divide  the  strength  of  one  foot  of  the  fabric  by  the  radius 
of  the  sphere  in  feet.  By  similar  reasoning  it  can  be  shown 
that  the  bursting  strength  of  a  cylinder  is  half  that  of  a  sphere 
of  the  same  diameter,  and  that  its  resistance  to  splitting  is  half 
its  resistance  to  tearing  across.  Of  course,  the  top  pressure  in 
a  well-designed  balloon  can  never  be  allowed  to  approach  the 
bursting  pressure  so  computed,  but  a  large  factor  of  safety  must 
be  allowed. 

In  addition  to  the  foregoing  it  may  be  sometimes  desirable 
to  know  the  strength  of  a  long  gas  bag  regarded  as  a  beam, 
and  subject  to  forces  which  tend  to  double  it,  as  in  Santos- 
Dumont's  dirigible  No.  2.  The  strength  in  such  case  can  easily 
be  computed  in  terms  of  the  cross-section  and  internal  pres- 
sure. Without  giving  the  detailed  proof,  the  following  theorem 
may  be  stated :  the  breaking  moment  at  any  section  of  a  round, 
inflated  beam  equals  the  whole  internal  pressure  on  the  section 
multiplied  by  half  the  radius.^ 

The  unit  tensile  strength  of  the  fabric  may  be  found  by 
direct  breakage  in  a  testing  machine,  or  by  bursting  spheres  or 
cylinders  of  it  by  compressed  air,  due  care  being  taken  to 
measure  the  internal  pressure  and  diameter  at  the  instant  of 
rupture.  But  the  practice  of  novices,  in  which  discs  of  the 
fabric  stretched  over  the  mouth  of  a  tube  are  ruptured  by 
fluid  pressure,  may  lead  to  erroneous  conclusions,  unless  the 
radius  of  cur^-ature  of  the  fabric  at  the  instant  of  rupture  be 
accurately  determined,  and  the  fabric  itself  be  guarded  from 
shearing,  or  cutting,  at  the  clamp.  If  such  measurements  are 
correctly  made,  the  tensile  strength  can  be  readily  computed 
from  the  hydrostatic  equations  of  the  preceding  paragraph. 

The  buoyancy  of  the  gas  in  a  balloon  is  the  difference 
between  its  weight  and  that  of  the  air  it  displaces.  If  it  weighs 
half  as  much  as  air,  its  buoyancy  is  one-half  the  weight  of  said 
air;  if  it  weigh  one-fifteenth,  its  buoyancy  is  fourteen-fifteenths ; 

'A  proof  of  this  theorem  is  given  in  the  present  writer's  paper,  "Some 
Theorems  in  the  Mechanics  of  High-Speed  Balloons,"  presented  to  the 
International  Aeronautic  Congress,  in  1900. 
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if  it  weighed  nothing,  its  buoyancy  would  be  fifteen-fifteenths, 
which  is  an  increase  of  one-fifteenth  over  that  of  pure  hydrogen. 
Thus  it  appears  that  in  point  of  buoyancy  an  infinitely  light 
gas  balloon  or  a  vacuum  balloon  would  have  no  very  great 
advantage,  at  least  for  ordinary  use.  *  For  sounding  balloons 
and  racers  a  lighter  gas  might  be  desirable  if  it  could  be  retained. 

The  height  to  which  a  given  balloon  may  rise  may  be  found 
by  dividing  the  total  weight  by  the  total  volume  of  the  distended 
balloon  and  its  load,  to  obtain  the  density  of  the  air  at  the  level 
of  balanced  flotation,  then  reading  in  a  table  the  altitude  corre- 
sponding to-  that  density.  In  formulating  this  rule  it  is,  of 
course,  assumed  that  no  considerable  weight  of  gas  escapes 
during  the  ascent  to  the  level  of  equilibrium;  for  every  wise 
aeronaut  leaves  enough  slackness  in  his  envelope  during  infla- 
tion to  take  up  the  expansion  of  the  gas  during  the  ascent. 
The  proper  volume  of  gas  to  start  with  at  the  lower  level  must 
equal  the  volume  at  the  upper  level  multiplied  by  the  ratio  of  the 
atmospheric  densities  at  the  upper  and  lower  levels,  assuming 
that  the  gas  possesses  at  those  levels  the  temperature  of  the  en- 
vironing air,  which  it  may  do  at  night  or  when  shaded  by  a  dark 
cloud. 

If  the  temperature  of  the  gas  be  assumed  equal  to  that  of 
the  environing  air,  or  as  might  occur  in  a  high-speed  metal 
balloon  of  good  thermal  conductivity,  it  can  be  shown  that  the 
resultant  internal  pressure,  or  "  net  pressure,"  remains  unaltered, 
however  the  temperature  and  barometric  pressure  of  the  atmos- 
phere may  vary.  As  this  theorem  is  of  some  interest  in  the 
science  of  dirigibles,  the  following  simple  demonstration  of  it 
may  be  presented  as  first  given  by  the  writer  in  the  paper  above 
cited : 

In  the  first  place,  if  the  atmospheric  pressure  alone  alters, 
while  the  other  elements  remain  constant,  no  change  occurs  in 
the  net  pressure.  For  the  density  of  the  air,  and  hence  the 
buoyancy  of  the  vessel,  changes  directly  as  the  barometric  pres- 
sure ;  and  the  vessel  will  rise  or  fall  to  a  level  where  the  density 
of  the  air  is  equal  to  what  it  was  at  the  first  position  of  equili- 
brium. But  if  the  density  at  the  new  position  equals  that  at  the 
old,  so  also  must  the  atmospheric  pressure,  since  the  other 
elements  have  not  changed.  Hence  the  net  pressure  is  unaltered, 
which  proves  the  theorem. 

*  For  a  mathematical  proof  of  the  impossibility  of  floating  a  vacuum 
balloon  see  the  writer's  popular  treatise,  Atrial  Navigation. 
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Again,  if  the  atmospheric  and  gas  temperatures  alter  equally, 
while  the  other  elements  remain  constant,  no  change  occurs 
in  the  net  pressure.  For  the  density  of  the  air  varies  inversely 
as  the  temperature;  and  the  vessel  will  move  to  a  level  where 
the  density  is  the  same  as  at  the  first  position  of  equilibrium. 
But  if  the  density  at  the  new  position  equals  that  at  the  old, 
the  proportionate  increment  of  air  pressure  must  be  directly  as 
the  increment  of  temperature,  and  therefore  equal  to  the  incre- 
ment of  gas  pressure.  Hence  the  net  pressure  remams  unaltered, 
which  proves  the  theorem. 

Combining  the  two  theorems  just  established,  we  obtain  the 
more  general  one,  zi^. :  if  the  gas  temperature  of  a  vertically 
free  balloon  keeps  pace  with  the  air  temperature,  no  change  of 
net  pressure  occurs  for  any  thermometric  or  barometric  changes 
in  the  atmosphere. 

Furthermore,  it  may  be  affirmed  that  if  the  vessel's  bulk 
varies,  while  its  mass  remains  constant,  practically  no  variation 
of  net  pressure  ensues  from  the  bulk  change  itself.  For  the 
pressure  increments  of  the  gas  and  air  equal  each  other,  since 
when  the  bulk  enlarges  or  contracts  the  vessel  moves  to  a  rarer 
or  denser  atmosphere,  while  the  gas  pressure  changes  propor- 
tionately, thus  leaving  the  net  pressure  practically  unchanged. 

Again,  if  air  is  pumped  into  or  out  of  the  balloon,  practically 
no  change  of  net  pressure  occurs  if  the  balloon  is  free  to  alter 
its  pressure  accordingly,  and  if  the  temperatures  of  the  gas  and 
surrounding  air  remain  equal.  For  changing  the  weight  of 
air  in  the  hull  causes  a  corresponding  change  of  atmospheric 
level,  and  with  it  a  change  of  external  pressure  equalling  the 
change  of  internal  pressure.  Practically  this  means  that  by 
pumping  air  into  a  balloon  or  its  balloonet  the  vessel  can  be 
brought  down  from  any  elevation  without  altering  the  net 
pressure.  This  and  the  preceding  theorem  are  rigorously  proved 
in  the  paper  previously  cited. 

The  four  theorems  just  proved  assert  that,  in  a  high-speed 
metal  balloon,  practically  no  change  of  net  pressure  can  occur 
from  any  change  of  density  or  temperature  of  the  air,  from  any 
enlargement  or  contraction  of  hull,  or  from  the  alteration  of 
weight  caused  by  pumping  air  into  or  out  of  the  hull,  providing 
the  vessel  is  free  to  float  to  its  level  of  equilibrium. 
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Cerium  Tin  Alloys.  R.  Vogel.  {Zeits.  Anarg.  Chem.,  Ixxii, 
319.) — The  cerium  tin  alloys  were  investigated  by  the  method  of 
thermal  analysis,  combined  with  microscopic  examination,  and  the 
equilibrium  diagram  of  the  system  is  given.  The  metals  are 
miscible  in  all  proportions  in  the  molten  state,  and  form  the  com- 
pounds CcoSn,  CcaSng,  and  CeSuj,  which  are  highly  exothermic  and 
melt  at  I400°C.,  ii65°C.,  and  ii35°C.  respectively.  These  alloys 
are  attacked  by  water,  with  the  evolution  of  gas,  and  those  con- 
taining up  to  50  per  cent,  of  tin  are  rapidly  oxidized  on  exposure 
to  air ;  when  they  contain  less  than  80  per  cent,  of  tin  they  are 
pyrophoric,  and  emit  sparks  when  scratched.  The  maximum 
pyrophoric  effect  is  observed  with  the  alloy  containing  30  per  cent. 
of  tin,  which  corresponds  to  the  compound  Ce^Sn ;  and  this  also 
exhibits  the  maximum  hardness.  The  cerium-lead  alloys  bear  a 
general  resemblance  to  these  cerium-tin  alloys. 

Metallic  Strontium.  Anon.  (Eng.,  xcii,  2381,  242.) — Metallic 
strontium  can  be  obtained  by  fusing  pure  strontium  chloride  in  a 
hemispherical  iron  cathode  vessel.  This  allows  a  low  anode  current 
density  and  avoids  overheating.  After  applying  a  current  of  125 
amperes  and  40  volts  for  seven  hours,  76  grammes  of  metal  can  be 
removed  in  small  lumps  up  to  3  grammes  in  weight.  The  metal 
is  removed  from  the  mixture  by  crushing  on  an  iron  plate  and  sifting 
away  the  chloride.  It  contains  about  98  per  cent,  metallic  strontium, 
which  is  a  light  metal  with  a  silvery  lustre  when  cut,  gradually 
becoming  yellow,  and  finally  white  and  non-lustrous.  It  is  softer 
than  calcium  and  can  be  cut  with  a  knife.  It  alloys  with  iron. 
Hydrogen  and  nitrogen  combine  with  the  hot  metal.  Its  specific 
gravity  is  2.55  and  specific  heat  0.0742,  which  corresponds  to  atomic 
heat  6.5.  The  iron  alloy  is  rather  hard  and  decomposes  water;  this 
alloy  contains  23  per  cent,  of  strontium. 


Sulphalium — a  New  Alloy.  Anon.  (Eng.,  xcii.  2378,  150.) 
— Valuable  qualities  are  claimed  for  this  alloy.  It  can  be  machined 
and  cut  with  facility,  as  there  is  no  dragging  of  the  material  nor 
clogging  of  files,  as  occurs  with  pure  aluminum.  Its  melting  point 
is  about  I200°F.,  slightly  higher  than  that  of  aluminum.  It  is 
about  3  per  cent,  denser  than  pure  aluminum.  Castings  direct  from 
the  mould  had  a  tensile  strength  of  from  17,500  pounds  to  21,700 
pounds  per  square  inch,  and  an  elongation  of  0.4  to  1.2  per  cent, 
in  a  length  of  4  inches.  The  elastic  limit  under  compression  in 
specimens  2  inches  long  and  i  inch  in  diameter  is  about  12,700 
pounds  per  square  inch.  The  fracture  is  granular  and  sound. 
Sulphalium  is  not  affected  by  sea-water,  and  is  used  in  large 
quantities  for  admiralty  work.  It  is  well  suited  for  those  parts  of 
mathematical  instruments  which  require  stiffness  and  lightness. 
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AGEMENT TO  RAILWAY  OPERATION. 

BY 

WILSON  E.  SYMONS, 

Chicago,  111. 

{Discussion  continued.) 

Mr.  W.  V.  Turner,  Chief  Engineer,  Westinghouse  Air 
Brake  Company:  Mr.  President  and  Gentlemen:  I  have  read 
over  rather  carefully  the  paper  written,  or  read,  by  Mr.  Symons, 
and  I  am  glad  to  say  that  I  am  heartily  in  accord  with  the  sense 
of  the  paper  as  I  understand  it.  I  believe  that  the  general  inten- 
tion of  the  paper  is  not  against  economic  management;  that 
any  method,  call  it  scientific  management  or  anything  else  you 
please,  is  not  discredited  by  Mr.  Symons,  but  issue  is  taken  upon 
the  saving  of  one  million  dollars  a  day,  the  inference  being  that 
the  railroads  of  this  country  are  so  mismanaged  that  one  million 
dollars  a  day  is  being  thrown  away,  or  failing  to  be  realized, 
because  the  gentlemen  in  charge  do  not  practise  scientific  man- 
agement, and  that  until  these  scientific  management  gentlemen 
came  along,  thirteen  or  fourteen  years  ago,  everything  was  being 
run  back-end  foremost  or  without  any  regard  to  economy. 

Mr.  Symons,  I  think,  has  illustrated  the  point  that  if  one 
million  dollars  a  day  would  be  saved  by  scientific  management 
of  the  mechanical  department  of  our  railroads,  it  would  be 
necessary  to  save  one  of  every  three  dollars  earned  per  man, 
and,  according  to  Mr.  Vauclain's  figures,  I  think  his  men  only 
earn  two  dollars  per  day;  therefore,  they  would  have  to  shell 
out  a  dollar  a  day  to  the  railroads  to  help  foot  the  bill.  That 
would  be  rather  a  difficult  proposition,  and  would  not  only  be 
getting  something  for  nothing,  but,  on  the  part  of  the  men, 
a  case  of  giving  something  for  nothing,  which  would  reduce 
the  pay  to  about  the  same  terms  as  those  proposed  by  the  scien- 
tific gentlemen,  who  have  a  lot  of  theories  which,  so  far  as  my 
experience  goes,  have  cost  about  a  dollar  and  a  half  to  work 
out  for  every  dollar  saved ;  this,  however,  is  no  argument  against 
scientific  management  and  applies  only  to  this  particular  mani- 
festation, or  application  of  it. 

I  am  not  actively  engaged  in  shop  management  at  the  present 
time,  but  I  am  connected  with  a  firm  that  has  been  in  existence 
now   for   forty-three  years   and   under  the   jurisdiction   of  one 
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of  the  greatest  men  of  this  country.  Its  men  are  working  under 
an  economic  system  and  are  allowed  to  earn  what  they  can, 
and  there  has  been  no  strike  nor  symptoms  of  a  strike  in  the 
forty-three  years  that  the  company  has  been  in  existence,  and  I 
do  not  think  there  is  a  stop  watch  in  use.  The  men  put  forth 
their  best  efforts,  and  the  result  is  that  we  have  one  of  the  best 
managed  shops  in  this  country,  and  there  is  no  scientific  manage- 
ment about  it  of  the  kind  referred  to  in  the  paper. 

To  secure  such  efficiency  in  the  Westinghouse  Company 
organization  involved  the  expenditure  of  large  sums  of  money, 
and  it  was  all  spent  to  produce  the  articles  manufactured  by 
our  company  as  cheaply  and  efficiently  as  possible.  The  rail- 
roads have  been  gradually  improving  their  facilities  and  educating 
their  men,  and  the  school  systems  prove  this  by  their  results; 
but  if  they  were  to  put  in  such  a  system  as  is  proposed  by  this 
scientific  management  it  would  be  necessary  to  spend  many  more 
millions  of  dollars  before  the  new  men  and  methods  got  a  start; 
but  when  the  railroads  are  selling  transportation  as  cheap  to-day 
as  they  were  twenty  years  ago  they  must  obtain  money  in  some 
way.  When,  however,  they  ask  permission  to  increase  rates  for 
the  purpose  of  getting  the  money  essential  to  the  development 
of  scientific  management,  they  are  told  that  this  money,  and 
more,  is  available  if  they  would  only  save  it.  As  well  explain 
to  the  newsboy  whose  pockets  are  empty  that  there  is  money 
to  be  made  selling  newspapers.  A  rancher  out  West  being 
without  ready  money  to  scientifically  develop  his  property,  but 
having  a  timber  tract,  thought  to  raise  the  necessary  preliminary 
to  this  scientific  management  by  disposing  of  his  timber.  To 
this  end,  it  was  necessary  to  purchase  a  sawmill,  and  he  therefore 
wrote  to  a  manufacturing  concern  for  prices,  etc.  They  obtained 
information  as  to  location,  and  quantity,  character,  etc.,  of  the 
timber,  and  quoted  him  a  price  of  $10,000.  This  surprised  Mr. 
Ranchman  considerably,  as  he  did  not  expect  that  scientific 
management  would  require  any  such  initial  outlay  as  this,  and  he 
answered  the  quotation  by  a  hot  wire  as  follows :  "If  I  had 
$10,000,  what  in  Hades  do  you  suppose  I  would  want  with  a 
sawmill !"  If  the  railroads  have  money  enough  to  inaugurate 
scientific  management,  a  raise  of  rates  would  not  be  necessary, 
as  we  are  told  that  they  would  be  able  to  add  a  million  dollars 
a  day  to  their  treasury  without  it.  In  fact,  Mr.  Emerson  has 
now  raised  this  estimate  to  five  million  dollars  a  day. 
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Gentlemen,  the  worst  feature  about  the  whole  proposition, 
as  it  appears  to  me,  is  the  desire  to  get  something  for  nothing; 
to  inaugurate  a  revolution  without  cost;  to  do  it  by  means  of 
stop  watches  and  bonuses  (another  name  for  premiums  on  bad 
work  and  concealed  defects),  and  by  the  pitting  of  one  man 
against  another  to  the  exhaustion  of  all  physical  and  mental 
energies,  making  life  a  mere  drudgery,  with  neither  time  nor 
disposition  to  find  out  that  it  is  good  to  be  alive. 

No  one  believes  more  in  getting  the  best  efforts  out  of  a 
man  than  I  do,  but  it  can  be  done  by  encouraging  him  and 
giving  him  more  enthusiasm,  and  should  not  be  done  by  spying 
upon  him  or  giving  him  less  care  or  thought  than  the  machine 
he  is  working  upon.  I  was  on  the  Santa  Fe  when  this  system 
was  inaugurated,  and,  undoubtedly,  there  was  room  for  con- 
siderable improvement,  but  I  must  confess  that  I  am  not  prepared 
to  unqualifiedly  indorse  the  means  employed  to  effect  it  or  the 
quality  of  work  resulting.  However,  we  are  told  that  these 
methods  will  in  some  way  produce  the  money  with  which  to  buy 
more  machines,  more  locomotives,  and  more  cars,  and  I  suppose 
we  ought  to  be  satisfied.  It  reminds  me  of  a  story  told  on  J. 
J.  Hill.  Shippers  were  kicking  because  they  were  not  supplied 
with  either  enough  cars  or  as  promptly  as  they  desired,  and 
he  advised  them  that  he  would  furnish  cars  and  made  prepara- 
tions to  issue  bonds  to  buy  cars,  at  which  they  got  out  an  injunc- 
tion to  restrain  him.  He  turned  to  them  and  said,  "  Gentlemen, 
if  you  will  furnish  the  cars,  I  will  haul  them  for  you,"  and  this 
illustrates  pretty  well  about  how  the  matter  stands.  No  doubt, 
Mr.  Clarke  and  Mr.  Hill  and  other  gentlemen  connected  with  our 
railroads  would  be  only  too  glad  to  get  out  of  it  all  that  there 
is  in  it,  and  the  fact  that  they  desire  to  obtain  money  with  which 
to  inaugurate  scientific  management  shows  that  they  desire  to 
profit  from  the  advice  and  by  the  assistance  of  the  efficiency 
engineers,  but  to  realize  it  in  perhaps  a  little  different  way ;  that 
is,  supply  the  man  with  tools  and  all  other  things  necessary  to  do 
his  work,  but  at  the  same  time  allowing  him  to  remain  under  the 
impression  that  he  is  still  a  man. 

A.  L.  Conrad,  Assistant  General  Auditor,  The  Atchison, 
Topeka  and  Santa  Fe  Railway  Company:  Mr.  President  and 
Gentlemen:  I  have  been  very  much  interested  in  listening  to 
this  discussion,  but  did  not  come  prepared  to  take  any  active  part 
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therein;  therefore  must  beg  to  be  excused.  However,  in  view  of 
the  direction  taken  by  this  discussion,  dealing  largely  with  re- 
sults obtained  under  the  so-called  scientific  management  plan  on 
the  railway  with  which  I  am  connected,  I  will  say  that  there  are 
many  elements  entering  into  the  equipment  repair  performance 
reflected  in  the  Atchison  repair  accounts,  such  as  contributions 
of  new  engines,  changes  in  weight,  tractive  power,  and  type  of 
engines,  etc.,  each  of  which  has  had  considerable  influence  on 
the  unit  costs  of  repairs  during  the  period  covered  by  Mr.  Emer- 
son's administration  and  since  that  time,  and  when  these  elements 
are  fully  analyzed  and  each  given  its  due  weight  and  importance 
it  is  believed  that  there  will  be  found  no  substantial  reduction  in 
repair  costs  during  the  Emerson  period ;  neither  will  it  be  found 
that  there  has  been  any  diminution  of  efficiency  or  practical 
application  of  scientific  management  in  the  subsequent  period  in 
which  our  mile-run  unit  costs  are  shown  to  be  considerably 
higher. 

I  will  add  that  from  my  personal  observation  and  study  of 
this  subject  I  believe  there  is  much  to  be  gained  from  a  scientific 
study  of  the  conditions  surrounding  the  performance  of  all 
mechanical  operations  and  theorizing  thereon,  as  both  lead  to 
the  elimination  of  much  wasted  energy ;  but,  like  everything  else, 
this  application  of  science  and  theory  has  its  limitations  and 
must  be  coupled  with  practicability  and  consideration  of  the 
human  equation,  as  it  requires  a  harmonious  combination  of  all 
of  these  factors  to  secure  profitable  results.  The  so-called  scien- 
tific management,  including  the  profit-sharing  or  premium-paying 
plan,  that  has  been  so  widely  advocated  and  which  is  the  subject 
under  discussion,  is,  in  my  opinion,  much  less  adaptable  to  rail- 
way repair  shops  and  operations  performed  therein  than  to 
large  machine  shops  and  manufacturing  plants  where  the  output 
can  be  accurately  and  inexpensively  measured  as  to  quantity  and 
quality. 

Mr.  Emerson:  It  is  unkind  to  criticise  Mr.  Wilson  E. 
Symons's  address,  "The  Practical  Application  of  Scientific  Man- 
agement to  Railway  Operation."  Mr.  Symons  quotes  the  Bible. 
He  will  remember  the  story  of  Balaam,  who,  being  employed  by 
Balak  to  curse  Israel,  blessed  instead,  and  when  Mr.  Symons 
blesses  we  heartily  agree.     Mr.  Symons  shows  at  length  that  in 
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the  matter  of  lubrication  railroads  were  formerly  very  wasteful, 
but  that  this  small  item  of  expense  has  been  decreased  233  per 
cent;  that  "the  total  saving  since  1890  is  not  less  than 
$100,000,000;  the  annual  saving  to  the  railroads  may  be  estimated 
at  about  $10,000,000  a  year,  which  justifies  classing  Gen.  Charles 
Miller  as  a  leading  efficiency  engineer," 

Some  of  my  friends  and  clients  were  interested  in  the  Galena 
Oil  Company  for  many  years.  For  three  years  I  carefully  stud- 
ied its  plans  and  operations.  I  have  been  consulted  by  its  officials. 
I  have  expressed  to  General  Miller  my  great  obligation  to  his 
teachings,  and  I  agree  with  Mr.  S>Tnons — 

Firstly,  that  General  Miller  is  an  eminent  efficiency  engineer; 

Secondly,  that,  his  technical  methods  are  those  of  efficiency 
engineering ; 

Thirdly,  that  his  methods  have  probably  saved  the  railroads 
$100,000,000  in  twenty  years  and  are  saving  the  railroads 
$10,000,000  on  the  single  item  of  lubrication. 

What  were  the  efficiency  methods  put  into  effect  by  General 
Miller? 

Formerly  lubricating  oil  was  purchased  and  used  without 
investigation  of  quality  or  special  properties. 

General  Miller  established  laboratories,  employed  experts, 
tested  oil  from  raw  product  to  finished  application.  He  and  his 
experts  knew  more  about  oil  than  all  the  railroad  employees  in 
the  United  States.  He  entered  into  contracts  with  the  railroads 
on  a  mileage  basis.  His  contention  was  that  it  was  not  price  per 
gallon  but  quantity  used  per  mile  that  counted ;  that  in  the  equa- 
tion Q  P  the  railroads  could  obtain  a  minimum,  not  as  they  were 
doing,  by  reducing  Price  and  increasing  Quantity,  but  by  increas- 
ing Price  and  reducing  Quantity.  The  railroads  were  at  first 
staggered  at  the  proposition  to  pay  $0.36  a  gallon  for  oil  when 
they  had  formerly  paid  only  $0.18,  but  as  better  results  were 
guaranteed  by  the  Galena  Oil  Company  than  they  could  obtain 
themselves,  they  acquiesced,  and  it  is  said  98  per  cent,  of  the 
railroads  of  the  United  States  have  mileage  lubrication  contracts 
with  General  ]\liller's  company. 

I  was  not  in  the  slightest  interested  in  the  price  obtained  for 
oil  by  the  Galena  Oil  Company,  but  it  is  an  efficiency  principle 
that  better  quality  at  a  higher  price  is  economical,  and  this  prin- 
ciple applies  to  materials,  to  supplies,  to  labor,  and  to  equipment. 
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Whether  the  railroads  could  or  could  not  have  made  a  better 
bargain  with  the  Galena  Oil  Company  as  to  price  is  a  different 
question  from  that  of  economies  in  use.  Personally  I  am  always 
willing  to  pay  more  for  materials,  for  labor,  for  equipment,  if 
increased  price  results  in  less  quantity. 

The  Galena  Oil  Company  having  secured  a  contract,  the  easy 
part  of  its  work,  took  up  with  equal  intelligence  the  use  of  the 
oil  it  had  sold. 

Engineers,  car  oilers,  and  others,  who  had  been  accustomed 
to  "  Gospel  measure,"  "  full  and  running  over,"  were  not  easily 
converted  to  the  use  of  one-third,  or  even  one-sixth  as  much  oil. 

Mr.  Symons  states :  "  As  a  result  of  the  oil  contracts,  the  oil 
company  furnished  experts  free  of  charge  to  supervise  the  eco- 
nomical use  of  the  oils,  and  in  the  co-operation  of  these  experts 
with  mechanical  and  operating  officers  many  improvements  in  the 
design  and  repairs  of  motive  power,  handling  of  equipment, 
stores,  and  supplies  have  been  accomplished." 

It  was  these  methods,  these  experts,  I  most  carefully  studied 
and  watched.  The  oil  company  with  a  contract  on  a  big  road 
was  willing  to  pay  more  for  experts,  for  organization  to  look 
after  oiling  alone  than  the  railroad  was  willing  to  pay  a  superin- 
tendent of  motive  power  and  his  direct  staff  for  looking  after  all 
motive-power  conditions.  The  experts  of  the  oil  company 
boarded  locomotives,  cultivated  the  friendship,  stimulated  the 
interest  of  engineers,  took  up  their  difficulties,  co-operated  with 
them,  persuaded  them  not  to  use  $o.36-per-gallon  oil  to  light  the 
fires,  perhaps  even  discovered  that  all  elevators  and  mills  along 
the  line  of  the  railroad  were  using  railroad  oil  and  other  supplies, 
and  this  practice  they  stopped.  By  constant,  unremittent  per- 
sonal attention  to  men  and  conditions,  supplemented  by  the  quality 
of  oil  used,  the  Galena  Oil  Company  made  good.  Its  methods 
were  those  of  Scientific  Management: 

( 1 )  As  complete  knowledge  of  the  subject  as  the  state  of  the 
art  permitted; 

(2)  An  organization  to  realize  ideals; 

(3)  Equipment  to  supplement  the  organization ; 

(4)  A  strong  executive  who  understood,  who  directed  and 
who  through  organization  and  equipment  accomplished. 

If  $10,000,000  a  year  is  being  saved  on  oil,  the  total  lubricar 
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tion  bill  for  all  railroads  now  being  about  $21,000,000,  what  could 
not  be  saved  on  a  $525,000,000  material  bill,  on  a  $1,019,000,000 
labor  bill,  on  a  $1,210,000,000  equipment  charge,  if  the  methods 
of  Gen.  Charles  Miller — investigation  by  experts — application  by 
experts — were  applied? 

With  the  example  of  Gen.  Charles  Miller's  work  before  me, 
with  thirty  years  of  railroad  experience  covering  all  departments, 
with  fifteen  years'  experience  as  investigator,  manager,  and 
efficiency  counsellor  to  various  industrial  and  transportation 
enterprises,  I  know  that  the  expenses  of  operating  and  maintain- 
ing the  railroads  of  the  United  States  could  be  reduced  several 
hundred  million  dollars  a  year. 

This  reduction  could  not  be  effected  without  the  earnest, 
patient,  wise,  and  just  co-operation 

Of  railroad  owners ; 

Of  railroad  employees  ; 

Of  the  public,  both  individually,  corporately  and  repre- 
sented by  its  State  and  National  Government ; 

Of  a  great  body  of  competent  efficiency  counsellors  and 
scientific  managers. 

This  reduction  in  expense  can  be  brought  about  with  great 
gain  to  each  of  the  four  classes,  not  at  the  expense  of  any  class 
for  the  profit  of  any  other  class. 

Railroad  owners,  until  they  had  been  paid  off  in  full,  would 
hold  securities  of  more  stable  and  greater  market  value  than 
those  they  now  hold.  It  is  not  necessary  to  confiscate  one  dollar 
of  present  market  value  of  railroad  securities.  Individual  rail- 
road employees,  from  presidents  down,  should  receive  increas- 
ing compensation  for  less  toil,  strain,  anxiety,  and  effort,  and  it 
would  not  be  necessary  or  be  any  part  of  the  plan  to  discharge  or 
lay  off  or  throw  out  of  work  a  single  employee  on  account  of  the 
application  of  efficiency  principles. 

The  public  would  ultimately  benefit  from  the  very  great 
reductions  in  current  expenses.  This  benefit  might  take  in  part 
the  form  of  better  service — elevated  tracks  through  cities,  electri- 
fication, steel  cars,  faster  trains,  more  trains,  palatial  and  commo- 
dious stations — it  might  take  in  part  the  form  of  reduced  rates 
for  both  passenger  and  freight  service. 
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Reforms  of  this  magnitude  cannot  be  put  through  without 
utilizing  the  highest  experience  available. 

This  highest  experience  cannot  be  obtained  solely  from  the 
ranks  of  railroad  owners,  nor  solely  from  the  ranks  of  railroad 
employees,  nor  solely  from  the  representatives  of  the  public,  nor 
solely  from  the  great  body  of  scientists  and  specialists  who  have 
given  their  lives  to  acquiring  knowledge  and  skill  in  various 
directions. 

The  highest  experience  must  be  collated  and  applied  by  the 
co-operation  of  all  those  who  know. 

An  example  of  supplementing  knowledge  occurred  on  the 
Rock  Island.  The  water  chemist,  analyzing  all  the  tank  waters, 
reported  one  as  particularly  bad,  and  advocated  the  erection  of 
a  purifying  plant.  Mr.  Mudge,  vice-president,  knew  that  more 
serious  trouble  occurred  elsewhere  than  at  this  particular  tank. 
He  checked  up  the  quantity  of  water  used  at  each  tank  and 
showed  that  a  water  with  only  one-quarter  as  many  grains  of 
incrusting  solids  per  gallon,  but  used  for  twenty  times  as  many 
locomotives,  was  causing  five  times  as  much  trouble.  A  purify- 
ing tank  was  approved  for  the  pure  water.  This  illustrates  the 
difference  between  System  and  Efficiency,  also  illustrates  the 
advantage  of  combining  the  knowledge  of  the  man  who  can 
analyze  water  with  the  knowledge  of  the  man  who  knows  rail- 
roading in  its  length,  its  breadth  and  its  depth. 

Demagogues  as  well  as  many  well-meaning  deeply-interested 
but  ill-informed  have  preached  to  labor  that  savings  can  only  be 
effected  by  adding  to  the  burden  or  lessening  the  compensation 
of  labor. 

The  public  is  for  the  moment  satisfied  that  rate  increases  have 
not  been  granted.  The  public  like  the  workers  has  listened  to 
demagogical  assertions,  and  vaguely  thinks  that  rates  might  be 
lowered  to  the  extent  of  a  million  dollars  a  day,  when  in  fact 
railroad  owners  and  managers,  as  well  as  the  governments  repre- 
senting the  public,  have  many  serious  problems  to  solve  before 
any  reductions  are  in  order;  and  if  enormous  terminals  and 
expensive  way  stations  are  to  be  built,  if  tracks  are  to  be  elevated, 
if  smoke  nuisances  are  to  be  abated,  if  wood  in  equipment  is  to  be 
replaced  by  steel,  if  wages  are  to  be  raised  and  hours  shortened, 
the  public  will  have  to  face  higher  rates,  and  higher  rates  will 
serve  it  right. 
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At  present  there  is  not  the  co-operation  between  the  four 
classes  interested  that  there  ought  to  be. 
Efficiency  experts  have  asserted 

( 1 )  That  stupendous  wastes  exist  in  railroad  operation ; 

(2)  That  the  application  of  efficiency  principles  would  elim- 
inate these  wastes. 

The  railroads  have  countered  with  a  general  denial  that  any 
such  wastes  exist,  or  that  they  could  be  eliminated  even  if  they  did 
exist. 

Why  not  test  the  matter  out  ? 

Mr.  Brandeis,  an  eminently  successful  practical  efficiency 
expert,  has  offered  to  place  knowledge  and  expert  skill  at  the 
disposal  of  the  railroads  without  charge.  Not  one  has  accepted 
his  offer. 

Other  efficiency  engineers  are  willing  to  undertake  the  reduc- 
tion of  unit  costs  on  the  same  basis  as  Gen.  Charles  Miller  uses, 
namely,  for  a  contingent  fee.  The  offers  are  spurned.  They 
are  willing  to  carry  out  test  analyses  free  of  charge.  They  are 
scoffed  at. 

We  told  one  eminent  railroad  manager  that  the  wastes  on  his 
road  amounted  to  $2,700,000  a  year.  This  was  in  1907.  He 
was  very  indignant,  told  me  that  he  knew  it  as  well  as  T  did, 
and  that  he  proposed  to  eliminate  them  without  the  help  of 
Scientific  Experts  as  to  inefficiency.  The  next  year,  1907-8,  his 
expenses  went  up  $2,300,000,  or  $5,000,000  above  what  they 
ought  to  have  been. 

We  were  invited  to  check  up  another  trunk  line.  My  asso- 
ciates discovered  wastes  of  over  $2,000,000.  The  same  railroad 
was  checked  up  by  a  very  eminent  and  successful  railroad  execu- 
tive. Pursuing  wholly  different  methods,  he  also  estimated  an- 
nual preventable  losses  at  $2,000,000.  Ten  weeks  after  we  had 
presented  our  report  I  was  told  that  it  would  be  unfair  to  the  road 
and  to  its  officials  to  allow  any  outsider  to  offer  advice  or  suggest 
remedies.  He  had  never  paid  for  the  information  given.  This 
was  according  to  the  principles  of  strenuousness,  but  not  accord- 
ing to  efficiency  principles. 

I  recall  with  pleasure  an  experience  of  twenty  years  ago. 
I  was  engaged  by  the  Burlington  to  look  after  its  tax  matters. 
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For  a  fee  of  $1,000  I  offered  to  do  the  same  thing  for  another 
great  line,  the  Union  Pacific.  My  offer  was  refused  because  the 
officials  could  not  see  what  excuse  they  would  have  to  pay  me 
$1,000  to  attend  to  their  business.  Inside  of  a  month  I  bought 
in  their  delinquent  taxes  in  my  home  county  and  scooped  $3,000 
in  penalties  without  investing  a  dollar.  ;It  was  the  sweetest 
money  I  ever  earned. 

I  have  read  with  great  care  Mr.  Symons's  brief  against  the 
use  of  Scientific  Management  in  railroad  direction,  maintenance, 
and  operation.  My  own  theory  is  that  the  railroads,  to  a  higher 
degree  than  industrial  plants,  apply  Scientific  Management,  and 
it  is  due  to  this  higher  degree  of  application  that  in  so  many 
respects  railroad  operation  is  so  excellent. 

The  predetermined  precision  with  which  very  fast  trains  run 
in  all  weathers  over  long  distances  is  one  of  the  best  examples 
the  world  has  ever  seen  of  the  accurate  and  perfect  results  result- 
ing from  Scientific  Management.  Railroads  were  originally 
organized  to  transport  passengers,  and  in  this  they  have  attained 
a  high  degree  of  excellence  as  to  speed,  safety,  and  comfort. 

Mr.  Symons's  argument  against  applying  available  knowledge 
and  skill  to  the  details  of  railroad  operation,  except  as  to  lubri- 
cation and  air-brakes,  can  be  reduced  in  substance  to  a  few- 
definite  propositions: 

( 1 )  That  the  man  who  said  the  preventable  wastes  of  rail- 
roads amount  to  $1,000,000  a  day  is  an  academic  theo- 
rist or  student  without  practical  knowledge  of  transpor- 
tation problems  or  of  the  applications  of  Scientific 
Management  of  these  problems. 

(2)  That  practical  railroad  men  know  their  own  business 
and  need  no  advice  from  theorists  as  to  how  to  run  it. 

(3)  That  the  practical  application  of  Scientific  Management 
to  the  Santa  Fe  was  a  failure. 

(4)  That  as  a  practical  railroad  man  he  sees  possibilities  of 
savings  of  $78,000  a  day,  which  is  much  less  than 
$1,000,000  a  day. 

It  does  not  seem  to  me  that  Mr.  Symons  knows  either  the 
aims,  methods,  or  results  of  efficiency  principles  applied  to  rail- 
road operations,  for  if  he  knew,  he  would  not  endorse  the  in- 
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vestigations  and  methods  of  the  Galena  Oil  Company,  claiming 
for  them  an  annual  saving  of  $10,000,000,  yet  object  to  expert 
investigation  and  co-operative  methods  as  to  all  other  items  of 
railroad  expense. 

What  is  Scientific  Management? 

It  is  the  common-sense  and  economical  application  of  all 
available  knowledge  and  skill  to  every  part  of  operation,  however 
great — ^$1,000,000,000  of  wages,  for  instance;  however  minute — 
lubrication,  for  instance. 

The  aims  of  Scientific  Management  applied  to  railroads  are: 

( 1 )  Not  to  ask  for  the  discharge  of  a  single  man  on  account 
of  the  introduction  of  efficiency  methods. 

(2)  To  lessen  the  toil,  hardship,  danger  and  friction,  fluctu- 
ation in  employment  that  at  present  in  greater  or  less 
degree  affect  every  railroad  employee,  from  president 
down. 

(3)  To  increase  the  pay  of  those  who  are  carrying  on  rail- 
road work. 

(4)  To  increase  the  security  and  value  of  railroad  invest- 
ments. 

(5)  Ultimately  to  lessen  the  costs  of  service  to  the  public. 

In  1908,  in  a  contributed  article  written  at  the  request  of 
The  Railroad  Gazette,  I  ventured  the  opinion  that  small  ineffi- 
ciencies following  one  another  in  dependent  sequence  resulted  in 
terrific  end  inefficiencies,  and  that  owing  to  the  great  number  of 
dependent  sequences  in  railroad  work  the  losses  aggregated 
$300,000,000  a  year.  This  essay  was  favorably  commented  on 
by  railroad  publications,  and  I  did  not  hear  a  single  adverse 
comment. 

In  February,  19 10,  nearly  two  years  later,  I  repeated  the 
statement  before  the  Railway  Club  of  Pittsburgh,  at  which  time 
there  was  violent  dissent  by  railroad  men. 

In  November,  1910,  Mr.  Brandeis  startled  the  country  by 
his  dramatic  presentation  of  the  argument  against  rate  increases 
before  the  Interstate  Commerce  Commission,  and  he  put  me  on 
the  stand  to  state  how  I  had  arrived  at  this  estimate  of 
$300,000,000. 

In  preparation  for  that  hearing  and  during  the  past  year  I 
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have  been  obliged  to  study  and  analyze  more  carefully  than 
before  the  different  items  of  railroad  expense,  and  these  studies 
and  analyses,  in  which  I  have  been  assisted  by  very  able  men  of 
lifelong  railroad  experience,  have  caused  me  to  revise  my  esti- 
mate of  one  million  dollars  a  day,  and  with  due  and  deliberate 
consideration  I  now  place  the  ultimately  preventable  wastes  at 
two  million  dollars  a  day — losses  to  be  eliminated  by  increasing, 
not  decreasing,  the  efficiency  of  the  roads  both  as  carriers,  earners, 
and  employers. 

Mr.  Symons  puts  the  words  "  efficiency  engineer  "  in  quota- 
tion marks,  and  under  the  heading  "  Efficiency  Engineers — Who 
Are  They?  "  he  quotes  from  an  article  in  Hampton's  Magazine, 
written  by  a  man  of  no  technical  or  engineering  training,  abso- 
lutely without  efficiency  reputation  or  efficiency  experience  of  any 
kind,  an  article  against  whose  sensationalism  I  protested  to  the 
editors  of  the  magazine,  a  magazine  recently  in  difficulties  of 
another  kind  with  the  United  States  authorities. 

The  implication, by  Mr.  Symons  that  efficiency  engineers  and 
Scientific  Management  experts  belong  in  the  same  class  with 
irresponsible  sensation  mongers  and  muckrakers  is  not  in  accord- 
ance with  the  efficiency  principle  of  "  The  Fair  Deal  "  or  the 
efficiency  principle  of  "  Common  Sense."  Personally  I  cannot 
allow  that  Mr.  Symons's  railroad  experience  has  been  either 
longer,  broader,  or  more  varied  than  my  own.  As  I  have 
assumed  to  speak  of  railroad  conditions  and  problems,  it  is  but 
just  to  our  audience  to  let  it  know  that  it  is  not  listening  to  an 
irresponsible  theorist  without  practical  experience. 

I  was  on  the  far  frontier  in  railroad  work  thirty-five  years 
ago.  For  thirty-five  years,  including  the  present  year,  I  have 
travelled  on  railroad  passes  because  engaged  in  railroad  service. 
I  have  been  employed  by  six  trunk  lines — three  western  and 
three  eastern — I  have  been  directly  on  the  staff  of  two  railroad 
presidents,  of  several  vice-presidents,  and  of  general  managers. 
I  was  for  a  year  on  the  staff  of  one  of  the  greatest  superintendents 
of  motive  power  America  has  produced :  a  man  also  eminent  as 
a  scientific  railroad  manager.  My  assistants  have  come  from  a 
dozen  trunk  lines. 

T  have  sat  in  business  specials  from  the  shores  of  the  Atlantic 
to  those  of  the  Pacific,  but  I  have  also  slept  in  box  cars  with  the 
laborers  on  grade.     On  frontier  surveys  I  have  gathered  pebbles 
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to  soften  the  hardness  of  my  bed  on  the  bare  ground.  I  do  not 
pose  as  an  operating  raihoad  expert  or  as  an  expert  in  any  branch 
of  railroading.  As  to  all  facts  and  theories  I  have  always 
taken  counsel  of  those  more  experienced  than  myself ;  neverthe- 
less, few  men  of  my  age  have  a  larger  or  more  varied  general 
acquaintance  with  railroad  operations.  So  much  for  the  parlor 
theorist. 

This  knowledge  is,  however,  not  necessary.  I  was  an  effi- 
ciency engineer  before  I  touched  railroading.  I  have  been  in 
efficiency  practice  since  I  stopped  railroading.  My  associates 
have  gone  into  plants  which  had  no  connection  with  railroading 
and  achieved  results,  because  Scientific  Management  rightly 
applied  always  achieves  results.  Science  is  not  a  method,  a  de- 
vice, a  system;  it  is  a  truth  based  on  an  understanding  of  the 
laws  of  the  universe. 

>I  deny,  therefore,  absolutely  that  a  man  who  has  thoroughly 
grasped  the  fundamental  principles  of  organization  could  not 
apply  them  to  insects,  to  birds,  to  the  animals  in  a  menagerie,  to 
packs  of  hounds,  to  savages,  to  railroad  lubrication,  and  to 
civilized  men.  I  deny  absolutely  that  I  would  have  to  be  a 
Chinaman  to  apply  efficiency  principles  to  a  Chinese  railroad 
or  to  a  Chinese  caravan. 

As  to  the  second  contention,  namely,  that  railroad  men  can 
manage  their  own  business  without  asking  counsel,  railroad  men 
know  better.  As  to  legal  matters,  they  consult  lawyers.  As 
to  railroad  accounting,  they  have  been  guided  by  chartered 
accountants,  who  applied  to  railroads  the  fundamental  principles 
of  all  accounting  and  who  displaced  the  earlier,  primitive,  inade- 
quate, and  faulty  bookkeeping  methods.  As  to  lubrication,  cer- 
tainly a  practical  detail  of  railroad  operation,  98  per  cent,  of  them 
have  sought  the  advice  and  assistance  of  the  Galena  Oil  Company. 
Recently  Congressman  Redfield,  of  Brooklyn,  in  a  humorous 
talk  at  Dartmouth  College,  told  the  manufacturers  of  New  Eng- 
land that  the  great  trouble  with  them  was  that  they  knew  their 
own  business  so  well  that  nobody  could  teach  them  anything. 
His  sarcasm  was  applauded  by  the  men  he  was  addressing.  A 
great  labor  strike  is  now  in  progress  on  the  Harriman  lines. 
The  railroad  employees  know  their  own  business  so  well  that 
they  can't  take  advice,  and  the  railroad  officials  know  their 
business  so  well  that  they  also  feel  quite  competent  to  manage 
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their  own  end  of  it,  and  in  the  meantime  violence  and  outrages 
that  would  be  disgraceful  in  the  Congo  Free  State  are  of  daily 
occurrence.  The  shopmen  don't  think  the  managers  know  how 
to  solve  railroad  labor  problems  justly,  and  the  managers  do  not 
think  the  shopmen  have  any  conception  of  the  magnitude  of  the 
problems. 

It  is  said  that  a  few  years  ago  the  Big  Four  lost  $623,000 
by  defalcation;  more  recently,  on  the  Illinois  Central,  car  repair 
frauds  ran  into  millions — both  these  frauds  an  absolute  impossi- 
bility under  the  charts  and  standards  of  Scientific  Management, 
since  any  deviation  from  standard  would  at  once  have  been 
investigated.  When  any  body  of  men  assume  to  know  it  all,  to 
be  above  all  advice  and  advance,  they  have  become  Bourbons, 
who  can  neither  forget  nor  learn.  Knowing  a  great  number  of 
progressive  railroad  men,  having  all  my  life  been  associated 
with  progressive  railroad  men,  I  would  be  sorry  to  accept  Mr. 
Symons  as  speaking  for  them. 

Mr.  Symons  states  that  Scientific  Management  has  been  a 
failure  on  the  Santa  Fe. 

He  seems  to  mean  by  failure  that  expenses  as  to  some  items 
are  not  as  low  as  on  some  other  roads.  Is  the  feature  of  economy 
all  he  considers  in  Scientific  Management? 

Even  as  to  economy  we  shall  answer  him,  but  there  are  more 
important  matters  than  the  dollar. 

On  the  Harriman  lines,  namely,  the  Union  Pacific,  the  South- 
ern Pacific,  and  the  Illinois  Central,  at  the  present  time  an  acri- 
monious and  bitter  strike  of  the  shopmen,  freight  handlers,  and 
others  is  in  progress. 

The  Santa  Fe  lies  in  the  triangle  formed  by  these  three  roads. 
There  has  been  no  strike  of  the  shopmen  on  the  Santa  Fe  for 
seven  years  and  there  is  none  now.  Strikes  were  a  continuous 
performance  before  1905.  During  the  whole  of  the  last  seven 
years  there  have  been  strikes  on  other  roads — the  Erie  strike 
that  lasted  several  years,  the  strike  that  sent  the  Chicago  and 
Great  Western  into  the  hands  of  a  receiver,  the  recent  Pennsyl- 
vania strike,  and  many  others. 

The  shopmen  on  the  Santa  Fe  have  not  found  it  necessary  to 
strike,  because  under  more  favorable  work  conditions  they  re- 
ceived more  per  hour  than  other  Western  railroad  workers,  and 
the  railroad  company  had  no  complaint,  because  the  more  the 
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shop  men  earned,  the  lower  the  unit  costs.  I  quote  from  different 
reports  of  Mr.  J.  W.  Kendrick,  at  the  time  of  the  statements, 
vice-president  in  charge  of  operation : 

"  Our  rates,  including  bonus,  are  considerably  higher  than 
those  of  other  roads  in  the  same  territory.  This  is  what  was 
intended  in  the  first  place." 

"We  have  between  twenty-five  thousand  and  thirty-five  thou- 
sand schedules  in  force,  and  since  1905  the  average  efficiency  of 
workmen  employed  on  bonus  has  increased  from  about  60  per 
cent,  to  93  per  cent." 

"  The  total  expenditure  on  account  of  bonus  payments  and 
bonus  supervision,  etc.,  in  1910  was  at  the  rate  of  $1,283,000 
a  year." 

"  As  the  efficiency  of  our  shops  increases,  it  follows  that  the 
premium  payments  must  also  increase.  The  company  has  looked 
on  this  growth  of  premium  payments  with  a  great  deal  of 
satisfaction." 

In  1903  I  was  recommended  to  Mr.  Kendrick,  the  new  vice- 
president  of  the  Santa  Fe  Railway,  by  the  second  vice-president, 
Mr.  Paul  Morton,  whom  I  had  known  for  many  years. 

The  problems  demanding  solution  on  the  Santa  Fe  in  May, 
1904,  were  four,  and  I  name  them  in  the  order  of  their  impor- 
tance : 

(i)  To  maintain  equipment  with  nearly  all  the  mechanical 
employees  on  strike  and  violently  and  destructively  hos- 
tile. 

(2)  To  take  care  of  a  rapidly-increasing  business  without 
time  tO'  increase  shop  facilities  and  equipment.  The 
freight  business  increased  40  per  cent,  in  three  years, 
the  passenger  business  30  per  cent.,  with  almost  no  new 
equipment  added. 

(3)  To  restore  harmonious  relations  between  employer  and 
employee — relations  that  had  been  strained  and  embit- 
tered for  many  years. 

(4)  To  reduce  unit  costs  which  had  been  steadily  rising  for 
a  series  of  years.  This  was  never  an  aim.  It  was  be- 
lieved that  unit  cost  reduction  would  necessarily  follow 
increased  efficiency. 
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Each  of  these  problems  was  put  in  the  way  of  successful  solu- 
tion owing  to  the  untiring  and  intelligent  support  given  by  Mr. 
Kendrick,  vice-president. 

I  believe  I  am  the  only  professional  efficiency  engineer  ever 
employed  by  the  Santa  Fe.  Between  Januars-,  1904,  and  Septem- 
ber, 1907,  I  advised  Mr.  Kendrick  as  to  certain  small  problems 
affecting  only  one  or  two  departments;  also,  between  April,  1904, 
and  March,  1907,  I  collated,  put  in  shape  and  superintended 
the  introduction  of  certain  efficiency  principles  as  to  mechanical 
operation,  especially  the  practical  principles  of  records,  reliable, 
immediate  and  adequate;  planning,  despatching,  schedules  and 
standards. 

In  March,  1907,  I  moved  from  Topeka  to  New  York,  taking 
up,  to  me,  more  important  but  less  interesting  work.  The  general 
work  of  "  betterment,"  as  we  called  it  on  the  Santa  Fe,  was  trans- 
ferred to  railroad  men  of  very  great  ability  and  experience.  Mr. 
Kendrick  continued  to  take  great  interest  in  the  work,  showing 
an  unusual  courage,  ability,  and  energy  in  prosecuting  it. 

Mr.  Buck,  w^ho  was  appointed  superintendent  of  motive 
power,  was  an  able  railroad  man  of  long  and  successful  mechani- 
cal experience. 

Mr.  H.  W.  Jacobs,  a  young  man  of  great  energy,  who  had  had 
railroad  experience  on  the  Burlington,  on  the  Missouri  Pacific, 
on  the  Union  Pacific,  and  on  the  Santa  Fe,  was  appointed  assist- 
ant superintendent  of  motive  power.  Whatever  success  or  fail- 
ure attended  their  efforts  on  the  Santa  Fe  after  June,  1907,  is 
due  to  railroad  men  and  railroad  methods,  not  to  efficiency  engin- 
eers or  to  a  strict  or  even  general  application  of  the  principles 
of  Scientific  Management. 

The  efficiency  organization,  small  and  inadequate,  which  was 
built  up  on  the  road  between  1904  and  1907  was  disbanded. 
Some  of  my  assistants  were  retained,  others  followed  me  to  New 
York.  A  very  much  larger  but  distinctly  systematizing  railroad 
organization  was  created,  taking  the  place  of  the  small  organiza- 
tion of  expert  efficiency  advisers.  Before  Mr.  Buck  was  ap- 
pointed, mechanical  expenses  began  to  increase. 

The  increase  was,  in  my  opinion,  not  due  to  personality,  be- 
cause all  the  men  mentioned  were  exceedingly  able,  but  it  was  due 
to  inability  on  their  part  to  dislodge  from  their  minds  the  old 
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railroad  conceptions  of  management  and  control  and  substitute 
for  them  the  principles  of  Scientific  Management.  Methods  were 
extended,  but  principles  were  lost  sight  of. 

In  modern  organization  it  is  the  function  of  staff  experts, 
however  employed,  to  evolve  standards  and  experimentally  show 
that  they  can  be  attained ;  it  is  the  function  of  line  officials  prac- 
tically to  realize  and  maintain  the  standards  demonstrated  by  the 
staff.  This  distinction  between  staff  and  line  was  not  maintained 
after  June,  1907,  on  the  Sante  Fe;  the  peculiar  and  special  duties 
of  staff  were  largely  added  to  those  of  line. 

Even  though  in  1905-6  and  1906-7  the  principles  of  Scien- 
tific Management  were  only  partially  applied  on  the  Santa  Fe, 
it  is  fair  to  hold  them  responsible  for  whatever  changes  for 
better  or  for  worse  occurred  in  these  years  as  compared  to  the 
years  immediately  preceding,  omitting  the  year  of  the  mechanical 
employees'  strike,  1904-5.  It  is  not  fair  to  cite  the  Santa  Fe 
as  an  example  of  the  results  of  Scientific  Management  in  years 
subsequent  to  1906-7.  since  the  work  was  neither  extended  nor 
supervised  by  any  efificiency  engineer.  There  is  a  great  differ- 
ence between  System  and  Scientific  Management;  there  is  even 
a  greater  difference  between  strenuousness  and  efficiency — strenu- 
ousness  expecting  greater  results  from  more  effort,  efficiency 
expecting  greater  results  from  less  effort.  Betterment  work  on 
the  Santa  Fe  has  been  systematized;  there  has  been  a  strenuous 
but  not  always  efficient  endeavor  to  extend  its  scope.  Those  in 
charge  of  it,  railroad  men  as  is  Mr.  Symons,  are  abundantly  able 
to  defend  it  against  his  attacks.  I  do  not  know  whether  expenses 
per  unit  have  increased  or  not.  I  no  longer  have  the  unit  records. 
The  road  is  using  some  locomotives  twice  as  heavy  as  when  I 
was  with  it.  These  are  new  types,  necessarily  costly  in  the 
experimental  stages.  The  cost  of  repairs  per  mile  or  per  loco- 
motive is  not  to  be  applied  comparatively  to  locomotives  weighing 
respectively  66  tons  and  425  tons,  costing  respectively  $7,740 
and  $43,880.  I  confine  myself  to  the  period  when  the  road  as  to 
its  mechanical  operations  was  counselled  by  an  efficiency  engineer, 
supplemented  by  an  efficiency  staff. 

As  to  the  maintenance  of  equipment  with  employees  in 
strikes.  I  quote  from  the  president's  annual  report,  1904-5, 
page  13: 
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"  Equipment  is  in  better  condition  than  ever  before,  notwith- 
standing the  adverse  conditions  of  the  past  year  (strike),  and  the 
road  is  now  prepared  to  handle  promptly  and  efficiently  a  large 
prospective  business." 

The  equipment  maintenance  conditions  were  serious  in  May, 
1904,  on  the  A.,  T.  &  S.  F.  Ry. 

( I )   An  enormous  increase  in  business  was  beginning. 


Passenger                  Freight  ton 

Number 

miles  in                        miles  in 

of 

millions                      millions 

locomotives 

1903 

613                             4,706 

1904 

708                            4,682 

1433 

1905 

744  ).      „    0         4,730)  . 

1454")  . 

1906 

D^_  (increase          r  Ha-,  t  mcrease 

1676  P 

1907 

970)                         6,843) 

1791J 

increase   J 
2S  p.  c.    ^ 

(2)  Because  the  annual  increase  in  business  could  not  be 
foreseen,  it  was  impossible  to  order  new  locomotives  in  time  to 
take  care  of  it.  It  was  also  impossible  to  build  and  equip  new 
shops  in  time  to  take  care  of  the  increased  deterioration  of  over- 
loaded old  equipment  and  added  new  equipment. 

So  great  was  the  increase  between  1904-5  and  1906-7  that 
President  Ripley  states,  page  20,  report  1906-7:  "At  times  the 
increase  in  volume  of  traffic  was  so  large  that  the  company's 
equipment  was  overloaded.  The  necessity  of  moving  traffic 
without  regard  to  economy  of  operation  caused  a  material  in- 
crease in  operating  expenses." 

The  International  Association  of  Machinists,  which  in  1903 
had  won  a  successful  strike  on  the  Union  Pacific,  thought  the 
time  propitious  to  force  concessions,  and  made  proposals  to  the 
A,,  T.  &  S.  F.  Ry.  President  Ripley's  words,  Report  1904,  page 
19,  are :  "  Certain  unreasonable  demands  made  by  the  Inter- 
national Association  of  Machinists  having  been  declined,  that 
organization  declared  a  strike  at  all  shops  of  the  company,  effec- 
tive May  2,  1904,  which  order  was  quite  generally  obeyed  on  the 
western  portion  of  the  system,  as  well  as  by  a  large  number  of 
employees  on  the  eastern  divisions." 

The  shops,  therefore,  in  May,  1904,  found  themselves  quite 
generally  without  employees  and  with  run-down  and  crippled 
equipment,  the  bad  conditions  being  largely  due  to  the  hostility 
of  several  years'  standing  of  the  employees  towards  the  employer, 
a  hostility  always  conducive  to  neglect  and  worse. 
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Yet  even  under  these  difficult  conditions,  when  expenses  of 
track  maintenance  and  of  operation  were  rising,  the  expenses 
of  maintaining  equipment  were  falHng. 

The  diagrams  show  the  detention  of  locomotives  in  the 
Topeka  shops  at  an  interval  of  a  year  on  the  two  dates,  March 
30,  1905,  and  March  30,  1906.     Each  black  square  represents  a 
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locomotive,  and  the  position  from  left  to  right  shows  the  time 

of  detention  for  repairs.     The  total  number  of  locomotives  dis- 
charged from  shop  was 

1905  1906 

January    27  32 

February     29  24 

March    30  3^ 

86  92 

Total  days  of  detention : 

March    30    1,735  254 

Gain  in  locomotive  days 1,481 


i6o  Mr.  Emerson. 

Each  locomotive's  service  per  day  was  estimated  to  be  worth 
$35  to  the  company, 

1902-3      1903-4      1904-5      1905-6     1906-7 

Gross  earnings  per  day  $171,000    $187,000  $187,500  $214,000  $256,500 

Divided  by  locomotives  in 
service  131      130      130      131      143 

An  average  gain  of  1481  days  at  one  shop  in  one  month 
meant  a  gain  in  gross  of  $194,011. 

Even  if  these  locomotives  had  been  repaired  at  a  higher  cost 
each,  the  additional  expense  would  have  been  justified.  They 
were,  however,  repaired  at  considerably  less  cost  each.  The 
average  records  per  mile  run  of  freight  locomotives  on  the  Santa 
Fe  for  year  ending  March  31  were  as  follows : 

1904        1905        1906       1907 
Gross  freight  tons  per  locomotive  mile....     686 

Miles  run  per  locomotive  failure 

Coal  used  per  locomotive  mile,  pounds.... 

Repairs  per  locomotive   mile,   cents II-34 

Per  cent,  of  locomotives  in  shops  for  repairs 

As  to  restoration  of  harmonious  relations,  the  absence  of 
strikes  among  the  Santa  Fe  mechanical  employees,  the  occurrence 
of  strikes  on  other  roads  everywhere  and  none  on  the  Santa  Fe, 
is  the  best  testimony. 

Why  should  men  strike  when  current  day  rates  are  guaran- 
teed, when  overtime  is  eliminated,  when  the  management  does  its 
part  in  standardizing  conditions  and  facilitating  standard  opera- 
tions, when  the  worker  is  paid  an  extra  sum  for  the  exercise 
of  intelligent  supervision,  when  he  is  freed  from  tyranny,  when 
his  gross  earnings  are  increased  on  the  average  nearly  20  per  cent., 
in  some  cases  as  much  as  100  per  cent.,  when  his  net  earnings, 
that  is,  the  margin  between  minimum  living  costs  and  gross  in- 
come, have  been  increased  several  hundred  per  cent.  ? 

The  operation  of  the  equipment,  taking  care  of  the  increased 
business,  harmonious  relations,  these  were  the  main  aims  sought 
both  by  the  vice-president,  Mr.  Kendrick,  and  by  his  efficiency 
stafif.  If  cost  reductions  occurred  they  were  a  welcome  by- 
product due  to  increased  efficiency,  but  not  to  increased  strenu- 
ousness. 
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The  story  of  the  attempt  to  apply  the  principles  of  Scientific 
Management  to  some  departments  of  the  Santa  Fe  has  been  told 
at  length  elsewhere,  and  those  interested  are  referred  to  these 
sources  of  information.^ 

Nevertheless,  even  as  to  economic  results  I  take  up  Mr. 
Symons's  challenge. 

Economies  in  railroad  operation  can  be  comparatively  ascer- 
tained only  when  reliable  units  or  standards  are  used. 

Railroad  units,  valuable  for  comparison  are  a  subject  of  ex- 
treme technicality,  almost  out  of  place  in  a  public  discussion. 
Some  of  the  difficulties  will  be  indicated.  How  shall  the  per- 
formance of  locomotives  be  compared?  What  unit  shall  be 
used? 

Locomotives  vary  in  weight  from  a  few  tons  up  to  400  tons. 

The  mileage  in  a  year  may  run  from  nothing  up  to  70,000 
miles. 

The  tonnage  hauled  may  run  from  nothing  up  to  3000  tons. 

On  mountain  divisions  the  cost  of  repairs  per  unit  of  work 
performed  is  60  per  cent,  greater. 

The  efficiency  of  some  shops  where  locomotives  are  repaired 
is  100  per  cent.,  of  other  shops  it  is  as  low  as  30  per  cent. 

What  unit  shall  be  used  to  compare  locomotive  repairs  ?  The 
locomotives?  The  mileage?  The  tonnage?  The  division? 
The  shop?  Each  is  absolutely  absurd  unless  all  other  conditions 
are  similar.  There  is  a  further  consideration.  What  is  included 
in  the  costs  to  which  any  one  of  these  units  is  applied?  Shall 
it  be  the  moneys  actually  expended  in  locomotive  repair,  or  shall 
it  include  in  varying  degree  such  items  as  the  purchase  of  new 
locomotives  to  replace  old  locomotives  scrapped,  the  maintenance 
and  renewals  of  shop  machinery  and  tools,  supervising  expenses 
of  all  kinds,  extraordinary  expenses,  or  those  for  guards  during 
a  strike? 

'  Betterment  Work  on  the  Santa  Fe,  1906.  (Reprint  from  American 
Engineer  and  Railroad  Journal.) 

Shop  Betterment  and  the  Industrial  Effort  Method,  1905. 

Securing  Efficiency  in  Railroad  Work. 

Story  of  an  Attempt  to  Apply  Scientific  Management  to  Some  Depart- 
ments. Lecture  delivered  at  Harvard  University,  November  16,  1910, 
before  the  rate  hearing  in  Washington.  (Reprinted  by  the  Emerson 
Company,  30  Church  Street,  New  York.) 
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Mr.  Symons  makes  Santa  Fe  comparisons  when  the  conditions 
vary  as  follows : 

igo2-3  1903-4  1904-S               1906-7 

Tons  Tons  Tons               Tons 

Average  weight  of  locomotives 68.76  74-91  81.74 

Average  weight  on  drivers 54-37  58-63  62.66 

Average  mileage    36,344         33,868  29,210 

Average   road  units    43,422  47,251  47,855  64,629 

Average  tonnage  hauled  686  740              775 

Indirect     expenses     added    to     direct 

locomotive    maintenance    cost.. 15%             18%  18%             16% 

Strike  conditions    None.         2  mos.  12  mos.  Overcome 

Even  with  these  variations  in  the  comparisons  and  with  loco- 
motive conditions  most  variable,  I  cannot  find  any  comfort  for 
Mr.  Symons  in  his  attack  on  Scientific  Management. 

If  a  locomotive  made  no  mileage  it  would  need  no  repairs, 
therefore  cost  of  repairs  per  mile  run  is  a  better  basis,  although 
still  very  unsatisfactory,  as  one  road  might  haul  small  tonnage 
and  the  other  heavy  tonnage. 

Cost  Per  LocoMornTE, 

1902-3  1903-4  1904-S  1906-7 

Santa   Fe    $3,042  $3,772  $4,165  $3,033 

Southern   Pacific    3,288  3,588  3,473  3.444 

Average  Weight  in  Tons  of  Locomotives. 

1902-3            1903-4            1904-S  1906-7 

Santa   Fe    68.7               74.9               77-5  81.8 

Southern   Pacific    56.2               59-7               64.  67.2 

Cost  of  Repairs  Per  Ton  of  Locomotive  Weight. 

1902-3            1903-4            1904-S  190S-6 

Santa   Fe    $38-45           $50-35           $53-57  $37-o8 

Southern    Pacific    58-35              60.12              54-35  49-82 

Mileage  Per  Locomotive. 

1902-3            1903-4  190S-6  1906-7 

Santa   Fe    30,506           36,344  33,868  29,210 

Southern   Pacific    38,154            34,741  30,940  33,976 
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Cost  Per  Locomotive  Mile. 

1902-3            1903-4  1904-5            1905-6 

Sante   Fe    $0.0867         $0.1134  $0.1256  $0,094 

Southern  Pacific  0.0862           0.1033  0.1123           0.1048 

We  have  a  better  unit  than  either  locomotive  or  mile  if  we 
take  weight  or  drivers  multiplied  by  mileage  and  divide  by 
100,000,000. 

Cost  Per  Road  Unit. 

1902-3 

Santa   Fe    $80.00 

Southern   Pacific    93-98 

These  comparisons,  lacking  identity  of  units,  are  wholly  un- 
satisfactory, since. there  are  variations  in  mileage,  in  weight,  in 
costs  of  labor  and  materials,  in  tonnage  hauled,  in  climatic  and 
in  labor  conditions. 

It  would  be  absurd  to  draw  very  close  conclusions  as  to 
efficiency,  but  at  least  the  last  year,  1906-7,  on  the  Santa  Fe 
does  not  suffer  in  comparison  either  with  the  year  1902-3  nor 
with  the  parallel  road,  the  Southern  Pacific,  in  any  year. 

While  these  reductions  were  occurring  in  locomotive  repair 
costs  under  partial  application  of  efficiency  principles,  what  was 
happening  as  to  maintenance  of  way  and  structures  per  mile 
without  Scientific  Management? 

1903-4    $1,121  1905-6    $1,479 

i904~S    1.371  1906-7    1,648 

Not  knowing  the  units,  not  knowing  what  was  being  done, 
what  great  washouts  had  occurred,  no  unfavorable  inference  can 
be  drawn.  It  is  possible  that  the  low  cost  of  1903-4  was  rela- 
tively higher  than  the  high  cost  of  1906-7. 

These  comparisons,  flattering  though  they  are  to  Scientific 
Management,  both  as  to  the  Santa  Fe  compared  with  itself  in 
different  years  and  the  Santa  Fe  compared  with  the  only  other 
comparable  road,  the  Southern  Pacific,^  they  are  nevertheless  not 
the  kind  of  comparisons  Scientific  Management  would  make 
except  in  the  most  popular  manner  and  with  apologies. 

'  Both  running  through  the  same  states — California,  Arizona,  New 
Mexico,  Texas — both  having  same  mileage,  same  number  of  locomotives, 
both  having  oil  burners,  labor  and  physical  conditions  being  similar  for  both. 
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They  are  not  the  kind  of  records  called  reliable,  immediate, 
and  adequate.  Happily  there  are  other  corroborating  records, 
although  we  cannot  forbear  introducing  one  other  diagram,  a 
railroad  man's  diagram,  printed  in  one  of  the  official  reports  of 
the  Santa  Fe. 

This  diagram  does  not  extend  further  back  than  1905. 

The  cost  of  the  maintenance  of  shop  machinery  and  tools  on 
both  the  Santa  Fe  and  on  the  Southern  Pacific,  both  actual 
expenses  and  per  unit,  the  unit  selected  being  based  on  com- 
bined mileage  and  weight  on  drivers  of  all  locomotives,  make  a 
better  comparison. 

Santa  Fe  Sysfem 

Cost  of  Locomotive  Repairs  per  Locomotive 

Fiscal  Years  ending  March  31  i^ 
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Here  is  a  distinct  test,  this  department  of  the  Santa  Fe  being 
pitted  against  its  own  past  record,  pitted  against  a  predetermined 
cost  allowance,  pitted  against  the  records  of  the  corresponding 
department  on  the  only  comparative  road.  The  Santa  Fe  started 
7.4  per  cent,  behind,  $10.31  as  compared  to  $9.55  on  the  Southern 
Pacific.  In  the  first  year  of  the  race  the  Santa  Fe  was  struggling 
with  strike  conditions,  the  Southern  Pacific  was  operating  nor- 
mally ;  in  fact,  in  the  month  in  which  Scientific  Management  was 
first  applied  on  the  Sante  Fe  the  preceding  average  yearly  cost 
had  risen  to  $11.10  per  unit.  The  main  and  chief  difference 
between  the  two  departments  was  that  on  the  Santa  Fe  the  work 
was  being  advised  and  directed  by  efficiency  counsel  and  staff 
experts,  and  on  the  Southern  Pacific  it  was  being  directed  in  the 
usual  way  by  railroad  line  officials  unassisted  by  staff  counsel. 
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MAINTENANCE  SHOP  MACHINERY  AND  TOOLS. 
A.,  T.  AND  S.  F.  Ry.   (Santa  Fe). 

Year  Units  Expense  Unit  Cost 

1903-4  47-250  $487,171  $10.31 

1904-5  47854  486,620  10.16 

1905-6  57760  376,106  6.51 

1906-7  64.628  315,844  4.89 

Southern  Pacific. 

1903-4   51-003  $487,150  $9-55 

1904-5   52.037  567,161  10.90 

1905-6   57-034  537,318  942 

1906-7   65.076  638,193  9.81 

The  actual  cash  gain  by  the  Santa  Fe  below  the  Southern 
Pacific  was  $322,249;  the  unit  gain,  a  fairer  comparison  for 
the  Southern  Pacific,  $313,796.  Had  the  cost  per  unit  remained 
what  it  was  in  1903-4,  on  the  Santa  Fe,  the  1906-7  bill  would 
have  amounted  to  $666,315.  The  methods  of  Scientific  Manage- 
ment should  therefore  be  given  credit  for  a  reduction  of  $350,471. 

Incidentally,  the  improvement  in  the  condition  and  operation 
of  the  Santa  Fe  tools  was  very  great. 

I  expatiate  at  length  on  this  pecuniarily  unimportant  item, 
although  it  has  tremendous  dependent  sequence  effect  on  all  shop 
repairs,  because  on  the  Santa  Fe  the  reforms  were  carried  out  not 
by  me,  but  by  a  staff  expert  selected  by  me  and  appointed  by  Mr. 
Kendrick  for  this  particular  work.  At  the  time  of  his  selection, 
June,  1904,  he  estimated  the  possible  reductions  at  $200,000.  At 
the  end  of  two  years,  on  the  basis  of  same  number  of  units,  he  had 
effected  reductions  of  $179,573,  at  the  end  of  three  years  of 
$253,909.  at  an  expense  in  no  year  exceeding  $10,000  for  his 
services  and  those  of  all  his  assistants  engaged  on  this  work. 
This  specialist  did  for  tools  exactly  what  Gen.  Charles  Miller  did 
for  lubrication :  he  bettered  the  quality,  standardized  conditions 
and  operations,  and  everlastingly  exercised  helpful  supervision. 

The  expenses  incurred  for  new  tools,  charged  to  capital  not 
included  in  maintenance  account  were  as  follows : 

1904-5  TO  1906-7. 
Santa  Fe.  Southern  Pacific. 

$363,968  $765,169 

Even  these  records  do  not  comply  with  the  requirements  of 
Scientific  Management.  Happily  there  are  others  that  strictly 
do  comply. 
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In  1905  the  efficiency  organization  began  to  determine  stand- 
ards of  time  for  each  different  item  of  work.  These  standards 
of  time  were  based  on  time  and  motion  studies  of  particular  men, 
of  particular  machines.  These  standards  were  called  schedules, 
and  altogether  many  thousand  were  prepared  by  men  selected 
from  the  various  trades,  men  trained  and  supervased  by  the 
efficiency  staff.  A  combination  was  thus  obtained  of  railroad 
experience  with  efficiency  experience.  These  schedules  covered 
just  such  items  as  those  given  in  illustration  by  Mr.  Symons — 
broken  frames,  cracked  cylinders,^  etc. : 

The  same  schedules  were  in  force  for  several  years  as  to  the 
same  operations,  in  the  same  shop,  on  the  same  machines,  run 
by  the  same  men,  under  the  same  foremen.  All  conditions  were 
therefore  as  strictly  comparable  as  they  could  possibly  be. 

These  schedules  were  practically  so  perfect  that  when  used  to 
predetermine  the  cost  of  the  repairs  to  an  individual  locomotive 
coming  to  the  shop  the  actual  costs  of  repairs  on  one  hundred 
locomotives  only  differed  from  the  theoretical,  predetermined 
repair  costs  by  4  per  cent. 

Efficiency  of  work  under  these  schedules  was  determined  by 
dividing  for  each  man,  each  month,  the  standard  time  indicated 
on  the  schedules  by  the  actual  time  he  took  to  do  the  work.  If, 
of  three  men  in  the  shop,  each  present  250  hours  in  a  given 
month,  one  turned  out  200  hours  of  standard  work,  his  efficiency 
was  80  per  cent. ;  if  the  second  turned  out  250  hours,  his  effi- 
ciency was  100  per  cent. ;  and  if  the  third  delivered  300  hours  of 
standard  time  in  250  hours  of  actual  time,  his  efficiency  was  120 
per  cent. 

The  progress  of  the  shop  between  January,  1905,  and  October, 
1907,  is  shown  in  the  table. 

No.  of  Standard  Actual  Efficiency 

men  hours  hours  per  cent. 

December,  1904  21  2,011.2  3.6i3-9  55-6 

January,  1905  SO  4.3S0.2  7,418.8  58.6 

February,  1905  yj  7.649-6  12,748.3  60.0 

March.  1907  251  27,051.8  41.4630  89.3 

August,  1907  656  122,736.4  126,534.4  97.0 

September,  1907  73i  120,357.5  120,478.0  99.9 

October,  1907  ITi^  148,841.0  146,434.0  101.7 


•  Shop  Betterment  on  the  Santa  Fe.    H.  W.  Jacobs.    John  Wiley  &  Sons. 
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The  effects  of  the  application  of  efficiency  principles  to  this 
shop,  the  largest  on  the  Santa  Fe  system,  were: 

( 1 )  To  increase  output  enormously  without  adding  to  shop 
equipment  or  space. 

(2)  To  reduce  unit  costs  30  per  cent,  or  more. 

(3)  To  increase  the  pay  of  the  best  men  as  much  as  30  per 
cent,  on  the  average. 

(4)  To  hold  permanently  the  best  men. 

(5)  To  know  accurately  the  cost  of  every  item  before  work 
is  begun  on  it. 

Relations  of  costs  and  efficiencies  in  a  shop  working  10,000 
hours  a  day,  average  wages  $0.36,  average  machine  rate  $0.40 
per  hour,  average  .burden  $0.24  per  hour : 

EflBciency 

60 

70 

80 

90 
100 
1 10 
120 

A  shop,  as  above,  increasing  its  efficiency  from  60  to  120 
per  cent,  not  impossible  of  realization,  increases  wages  44.4  per 
cent,  decreases  unit  costs  43  per  cent.,  and  doubles  the  output. 
The  actual  realization  was  101.7  per  cent.,  showing  a  cost  reduc- 
tion of  36.33  per  cent.,  an  increased  output  of  69.5  per  cent. 

The  work  on  the  Santa  Fe  as  to  belting,  tool  maintenance, 
locomotive  repairs  forced  upon  us  the  appreciation  of  the  univer- 
sal law  earlier  applied  to  lubrication  by  Gen.  Charles  Miller: 
that  when  efficiency  methods  are  applied  costs  go  down. 

High  costs  mean  inefficiency;  efficiency  means  low  costs.  It 
is  inevitable.  The  efficiency  staff  therefore  turned  its  attention 
to  the  establishment  of  standards.  We  made  the  most  elaborate 
study  of  locomotive  operation  that  has  ever  been  made.  For  a 
period  of  five  years  we  had  the  individual  records  of  mileage,  of 
fuel  consumption,  of  repairs  in  round-houses  and  shops  of  1500 
locomotives  of  many  different  types  under  very  different  condi- 
tions of  service.  We  did  for  locomotives  what  actuaries  have 
done  for  life  insurance.  We  used  a  unit  of  comparison  taking 
into  account  both  weight  and  mileage. 
Vol.  CLXXIII,  No.  1034—13 
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We  determined  beyond  the  slightest  question  that,  on  the 
average,  Santa  Fe  locomotives  could  be  maintained  for  $50  a 
year  per  unit,  about  $0.06  a  mile  for  locomotives  weighing 
167,000  pounds  on  drivers  and  running  30,000  miles  a  year. 
At  the  time  we  began  and  before  the  strike  the  average  was 
$96.63,  or  about  $0,113  ^  mile;  in  1907  the  average  was  $72.60, 
about  $0,094  a  mile. 

Certain  passenger  locomotives  on  the  A.,  T.  &  S.  F.  have 
given  160,000  to  231,000  miles  between  the  periods  of  general 
repair.  Locomotive  1420^  of  the  Albuquerque  division  up  to 
June  loth,  19 10,  had  been  in  service  four  years  without  shopping, 
had  made  232,894  miles,  was  not  due  for  shopping  for  two 
months,  had  an  allotment  for  repairs  of  $0,059  ^  ^^t  and  an  un- 
expended credit  of  $1500.  Others  of  the  same  type  show  a  per- 
formance of  only  34,000  miles.  Can  anyone  doubt  that  this 
average  unsatisfactory  performance  is  due  to  causes  ultimately 
if  not  immediately  preventable? 

On  any  railroad  the  cost  of  locomotive  repairs  can  be  stand- 
ardized and  the  predetermined  standards  can  be  realized,  not  by 
main  strength,  but  solely  through  a  combination  of  local  ex- 
perience and  a  plan  applying  all  the  efficiency  principles. 

In  September,  1907,  a  final  report  was  rendered  to  Mr. 
Kendrick  showing  how  locomotive  repair  costs  as  to  locomotives 
then  in  service  could  be  reduced  to  $0.06  a  mile,  a  figure  averaged 
as  to  all  the  locomotives  on  several  divisions. 

The  final  report  showed  on  what  divisions  standards  had 
been  attained  and  how,  on  what  divisions  they  were  not  attained 
and  why.  The  causes  were  numerous,  but  chiefly  type  of  loco- 
motive, ability  of  master  mechanic,  and  character  of  service. 
Under  the  same  master  mechanic  locomotives  of  different  type  in 
similar  service  varied  100  per  cent,  in  repair  cost;  under  different 
master  mechanics,  locomotives  of  the  same  design  and  class 
varied  100  per  cent,  in  repair  cost.  Shop  facilities  had  very 
little  influence ;  old  and  poorly-equipped  shops  seemed  to  be  able, 
when  well  directed,  to  repair  locomotives  as  cheaply  as  the  best- 
equipped  shops  of  the  system. 

During  the  three  years  from  April,  1904,  to  April,  1907,  the 


*  Railroad  Age  Gazette,  July,  1910. 


Scientific  Management  in   Railway  Operation.     169 

efficiency  staff,  which  had  gradually  increased  to  30,  were  watch- 
ing efficiencies  everywhere.  We  watched  other  railroads  and 
other  railroad  shops,  we  watched  all  branches  of  operation,  we 
saw  freight  blockades  which  at  small  expense  could  have  been 
mitigated.  We  saw  the  losses  due  to  poor  dispatching,  to  ineffi- 
cient operation  of  all  equipment,  and,  above  all,  we  began  to 
grasp  the  underlying  laws  that  affect  economy.  We  discovered 
why  it  was  that  tool  maintenance  could  be  reduced  to  one-third 
and  belting  purchased  to  5  per  cent,  of  what  it  had  been. 

The  work  on  the  Santa  Fe,  although  only  a  beginning,  only 
crude,  was  investigated,  passed  on,  and  endorsed  by  representa- 
tives of  the  Railroad  Gazette  and  of  the  American  Engineer  and 
Railroad  Journal,  and  also  by  the  editor  of  the  Engineering  Mag- 
azine. 

The  first  time  attention  was  ever  called  to  the  million-dollar- 
a-day  wastes  and  their  cause  was  in  a  solicited  article  for  the 
editors  of  the  Raihvay  Age  Gazette. 

The  records  as  to  economy  on  the  A.,  T.  &  S.  F.  from  1903-4 
to  1906-7  are  not  a  matter  of  opinion.  The  facts  appear  in  the 
annual  statements  of  the  president  of  the  company,  as  well  as 
in  the  sworn  statements  to  the  Interstate  Commerce  Commission. 
Nobody,  least  of  all  myself,  ever  maintained  that  the  A.,  T.  & 
S.  F.  had  applied  universally  or  thoroughly  or  widely  the  prin- 
ciples of  efficiency.  The  most  that  was  ever  contended  was  that 
in  the  spots  where  they  had  been  applied  efficiency  increased  in  the 
broadest  sense,  and  costs  decreased.  Does  close  observation  of 
railroad  operations  for  thirty  years,  do  fifteen  years  of  experience 
in  efficiency  work,  do  the  minute  and  careful  investigations  of 
railroad  operations  by  a  staff  of  many  specialists  not  only  for 
nearly  four  years  on  the  Santa  Fe,  but  also  on  a  great  number  of 
other  roads  before  and  since,  do  the  inevitable  effects  of  dependent 
sequence  to  which  railroads  are  peculiarly  liable  in  their  opera- 
tion, justify  the  estimate  of  preventable  losses  of  $2,000,000  a 
day? 

The  line  of  reasoning  is : 
( I )   That  the  cost,  supply,  distribution,  and  use  of  materials 
by  railroads  is  not  essentially  different  from  the  cost, 
supply,    distribution,    and    use    of   materials   by   other 
industrial  concerns ; 
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(2)  That  the  cost,  supply,  distribution,  and  use  of  personal 
services  by  railroads  is  not  essentially  different  from  the 
cost,  supply,  distribution,  and  use  of  personal  services 
by  other  industrial  concerns; 

(3)  That  the  economical  and  efficient  utilization  of  invest- 
ment expenditures  in  cost,  supply,  distribution,  and  use 
is  not  essentially  different  in  railroads  from  cost,  supply, 
distribution,  and  use  of  similar  charges  in  industrial 
plants. 

Railroads  manufacture  transportation,  they  add  to  the  value 
of  products  and  individuals  by  carrying  them  from  one  point 
to  another.  We  have  only  to  compare  railroad  transportation 
as  to  speed,  economy  and  safety  with  earlier  means  of  trans- 
portation, as  slave  ships  and  caravans,  to  realize  the  astonishing- 
absence  of  waste  of  railroad  operation  as  to  the  particular 
function  for  which  they  were  created. 

Most  plants  show  high  efficiencies  as  to  materials  of  manu- 
facture, most  plants  show  low  efficiencies  as  to  supplies  for  opera- 
tion and  maintenance.  Railroad  operation,  if  materials  of 
manufacture  are  included,  is  on  the  whole  very  much  superior  to 
that  of  industrial  plants,  and  if  only  supplies,  labor  and  invest- 
ment charges  are  considered  railroads  are  still  superior  to  most 
industrial  plants. 

Therefore  as  to  every  kind  of  plant,  railroads  included,  there 
are  three,  and  only  three,  main  classes  of  expense — materials, 
labor,  fixed  charges. 

$525,000,000   +  $1,019,000,000    +  $1,210,000,000 

Total  Railroad  Costs  =  Supplies     +  Labor  +  Investment  charges 

Efficiencies  66.7  72.9  65 

Total  Standard  Railroad  Costs  =  Q  P  +  TW  +  t  R 
Total  Actual       Railroad  Costs  =     Standard  Costs 


Efficiencies 

As  to  Supplies,  as  to  Labor  and  as  to  Investment  charges  there 
are  two  elements — Quantity  and  Quality. 

As  to  Supplies,  we  have  quantity  used  and  price  per  unit. 
As  to  labor,  we  have  quantity  of  time  required  and  price  or  wage 
rate  per  hour.  As  to  fixed  charges,  we  have  quantity  of  time 
equipment  is  used  and  cost  per  hour. 
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Given  a  certain  standard  of  excellence,  Scientific  Manage- 
ment asks  that  the  product  of  quantity  and  price  shall  be  a  mini- 
mum ;  but  hitherto,  almost  universally,  price  has  been  considered 
and  not  quality.  It  was  Gen.  Charles  Miller's  great  merit  that 
as  to  lubrication  he  has  persuaded  98  per  cent,  of  the  railroads 
to  consider  quality  rather  than  price. 

It  is  not  the  price  of  material  that  counts,  because  it  is  very 
difficult  to  lower  its  price.  It  is  the  use  made  of  it.  In  indus- 
trial operation,  from  whose  laws  railroads  are  not  exempt,  the 
prices  or  materials  are  fixed  or  rising.  It  \yould,  for  instance, 
have  been  very  difficult  for  any  railroad  president  to  buy  rails 
at  less  than  $28  a  ton.  If,  in  fact,  he  wants  better  rails  the  price 
will  be  raised. 

The  only  way  to  reduce  the  cost  of  rails  is : 
(i)   Not  to  buy  more  rails  than  are  needed.      (Efficiency  of 
supply.) 

(2)  Not  to  buy  heavy  rails  where  lighter  rails  would  have 
answered  just  as  well.      (Efficiency  of  distribution.) 

(3)  To  buy  rails  of  such  shape  and  quality,  so  to  lay  them 
and  maintain  the  road-bed,  so  to  design  curves,  grades, 
and  wheel  flanges  as  to  cause  minimum  practical  wear. 
(Efficiency  of  use.) 

All  these  efficiencies  are  no  doubt  fully  considered  as  to  rails, 
whose  renewals,  after  all,  amount  to  a  very  small  item  of  rail- 
road maintenance  expense;  but  what  about  stationery  and  other 
printed  supplies  (as  time-tables),  for  which  the  aggregate  bill  is 
almost  as  large  as  for  rail  renewals? 

Is  the  price  per  unit  for  printing  as  low  as  it  ought  to  be  ? 

I  assume  that  it  is. 

Are  more  different  time-tables  and  other  forms  printed  than 
are  needed? 

The  eminent  purchasing  agent  of  the  Harriman  lines  is  re- 
ported to  have  said  that  by  standardizing  forms  he  had  been  able 
to  reduce  printing  bills  30  per  cent.  Are  more  time-tables  and 
other  forms  distributed  than  are  needed  ?  We  all  know  that  hotel 
racks  are  filled  up  with  time-tables  obsolete  before  they  are  taken. 

When  it  comes  to  use  it  is  safe  to  say  that  in  America,  where 
time-tables  are  forced  free  on  a  traveller,  he  uses  ten  times  as 
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many  as  in  Europe,  where  he  pays  a  cent  or  two  cents  for  a 
time-table. 

Therefore  as  to  time  tables,  efficiency  of  price 100    per  cent. 

efficiency  of  supply 70    per  cent. 

efficiency  of  distribution 70    percent. 

efficiency  of  use 30    per  cent. 

End  Efficiency   14.7  per  cent. 

Time-tables  cost  seven  times  as  much  as  they  might. 

Innumerable  other  examples  of  inefficiencies  of  supply,  dis- 
tribution, and  use  could  be  given. 

As  Gen.  Charles  Miller,  according  to  Mr.  Symons,  by  Scien- 
tific Management  secured  a  lubricating  cost  to  the  railroads 
of  $21,000,000  which  would  otherwise  have  been  $31,000,000, 
the  reduction  is  about  33.3  per  cent. 

The  total  cost  of  all  railroad  supplies  is  $525,000,000,  and, 
applying  the  same  percentage,  the  possible  reduction  is 
$175,000,000.  The  average  efficiency  of  railroad  supplies  may 
therefore  be  66.7  per  cent.,  the  preventable  loss  may  be  $175,- 
000,000. 

I  have  seen  loads  of  telephone  poles  bound  to  flat  cars  with 
heavy  copper  wire,  the  requisition  having  been  made  out  by  some 
busy  foreman,  put  into  the  hands  of  an  ignorant  foreigner,  care- 
lessly filled  by  a  division  storekeeper.  By  analysis  made  by  the 
test  department  chemist  we  found  scrap  metal  containing  51  per 
cent,  of  tin  being  used  to  counterbalance  locomotive  drivers,  tin 
at  that  time  being  worth  $0.25  and  lead  $0.04.  These  are  iso- 
lated cases,  of  course,  but  the  dependent  sequence  is  always  busy 
somewhere,  if  not  everywhere,  with  its  deadly  work. 

Gen.  Charles  Miller  increased  the  price  of  lubricating  oil. 
Price  efficiency  sank  from  100  per  cent,  to  70  per  cent,,  but  he 
furnished  much  less ;  it  was  not  wasted  before  it  was  used,  there- 
fore efficiency  of  supply  was  brought  up  from  70  per  cent,  to 
90  per  cent.  He  distributed  suitable  oil,  not  cylinder  oil,  to 
freight  cars  and  the  efficiency  of  distribution  rose  from  60  per 
cent,  to  90  per  cent.  He  saw  to  it  that  very  much  less  was  used 
— in  the  words  of  Mr.  Symons,  "  no  umbrella  was  necessary,  or 
Gospel  measure  " ;  the  efficiency  of  use  rose  from  30  per  cent. 
to  90  per  cent.     What  is  the  end  result? 
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70  X  60  X  30  X  100  12.6 

actual  cost  eight  times  what  it  ought  to  be,  was  changed  to 
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90  X  90  X  90  X  70 
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actual  cost  one-quarter  of  what  it  had  been.  Naturally,  the 
cost  to  the  railroads  fell  from  $0.20  per  1000  miles  to  $0.06. 

Lubricating  oil  is  not  a  large  item  of  railroad  cost,  about 
$21,000,000  for  all  the  railroads  in  the  United  States.  Coal,  the 
largest  item,  is  more  than  one-third  of  the  total  supply  bill, 
costing  $188,736,000  a  year.  The  dependent  sequences  in  coal 
are  not  four,  but  a  dozen. 

Excessive  costs  at  the  mine,  due  both  to 

( 1 )  High  price  and 

(2)  Short  weight  deliverances; 

(3)  Losses  in  transit ; 

(4)  Losses  at  the  bunker ; 

(5)  Losses  in  loading  on  to  tender, 

(6)  Losses  in  round-house  from  wasteful  and 

(7)  Premature  firing  up; 

(8)  Losses  in  firing  owing  to  poor  engineering ; 

(9)  Losses  in  firing  owing  to  poor  stoking; 

( 10)  Losses  due  to  poor  loading  and 

(11)  Poor  dispatching  of  trains ; 

(12)  Losses  in  returning  to  round-house. 

In  various  tests  made  as  to  freight,  passenger,  and  switch  locomo- 
tives, coal  consumption  has  been  found  to  be  three  times  what 
care  and  supervision  could  reduce  it  to. 

A  recent  practical  demonstration  of  fuel  economy  is  reported 
in  detail  in  American  Engineer  and  Railroad  Journal,  p.  439, 
1911 : 

Coal  per  passenger  Coal  per  passenger 

train  mile  car  mile 

Test  Train  4,  June  21,  1911.  ...     67.33  pounds.  7-134  pounds. 

Average   1910    132.2    pounds.        24.4      pounds. 

If  Mr.  Symons's  claim  as  to  lubricating  oil  is  extended  to  all 
supplies,  the  average  efficiency  is  only  66.7  per  cent.,  as  to  sta- 
tionery,  it  is  probably  not  over  30  per  cent.,   as  to  coal,  the 
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largest  single  item  of  supply  expense,  the  efficiency  is  probably 
not  over  50  per  cent.  Each  item  of  supply  can  be  separately 
investigated  and  an  approximate  efficiency  be  established.  Many 
careful  investigations  and  tests  of  this  kind  have  been  made  and 
all  the  testimony  lies  in  the  direction  of  an  average  supply 
efficienc}^  lower  rather  than  higher  than  66.7  per  cent. 

The  same  formula  holds  good  as  to  the  third  great  class 
of  expenses,  investment  charges.  Here,  also,  it  is  not  cost  of 
locomotives  and  cars,  road  and  stations  that  counts,  but  over- 
supply,  faulty  distribution,  and  inadequate  use.  As  locomotives 
spend  nearly  one-quarter  of  their  lives  in  the  shops  for  repairs, 
when  an  attainable  standard  might  be  10  per  cent,  instead  of 
25  per  cent.,  it  is  evident  that  the  efficiency  of  supply  is  only  85 
per  cent.  The  natural  inclination  is  to  be  extravagant.  It  is 
convenient  to  have  a  surplus  of  locomotive  power;  it  is  much 
easier  to  have  extra  locomotives  for  emergency  service  rather 
than  assiduously  to  plan  to  use  effectively  a  small  number.  The 
vice-president  in  charge  of  operation  of  one  of  America's  greatest 
railroads  told  me  that  his  ambition  was  to  have  in  reserve  for 
emergencies,  for  snow  blockades,  when  tonnage  has  to  be  re- 
duced, 100  locomotives,  slushed  and  under  cover.  While  not  an 
efficient  expenditure,  it  would  have  been  less  wasteful  than  the 
investment  of  $100,000,000  in  a  terminal  nobody  wants  to  use 
if  he  can  avoid  it. 

The  low  mileage  of  American  locomotives — 27,000  miles  a 
year,  about  75  miles  a  day — indicates  oversupply.  A  good  team 
of  Yukon  dogs  will  go  this  distance  in  a  day.  A  horse,  if  emer- 
gency arises,  will  temporarily  exert  eight  times  his  normal  power. 
Let  us  learn  from  dogs  and  horses  how  to  maintain  high  aver- 
ages and  meet  emergencies. 

How  often  are  large  locomotives  attached  to  small  trains! 
(Inefficiency  of  distribution.)  How  often  does  it  take  twenty 
hours  for  a  five-hour  run!  (Inefficiency  of  use.)  Freight  cars 
are  no  better.  An  average  of  only  twenty-five  miles  a  day,  the 
distance  that  a  postman  walks  daily.  How  often  are  small  loads 
sent  in  large  cars!  To  what  extent  do  cars  move  slowly 
when  they  ought  to  run  fast? 

The  same  law  applies  to  track.  More  miles  than  are  needed, 
few  trains  per  day  using  the  track ! 

What  shall  we  say  of  the  paralleling  of  one  road  before  the 
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first  road  has  enough  traffic  to  keep  it  busy?  Why  should  the 
Northern  Pacific  have  been  paralleled  from  the  Missouri  River 
into  Tacoma  and  Seattle,  a  distance  of  1000  miles?  Why 
should  the  Western  Pacific  have  paralleled  the  Southern  Pacific 
from  Salt  Lake  City  to  San  Francisco?  Why  should  the  New 
York  Central  have  been  paralleled  from  New  York  to  Buffalo? 
About  thirty  years  ago  the  Burlington  paralleled  the  North- 
western up  the  Mississippi  to  St.  Paul  and  Minneapolis.  In 
Nebraska  the  North  Western,  in  retaliation,  paralleled  the  Burl- 
ington all  through  the  counties  of  Southern  Nebraska.  Both 
roads  were  injured.  Who  can  deny  that  there  is  a  larger  quan- 
tity of  railroads  than  needed?  The  records  of  1910  for  the 
United  States  show  81  abandoned  railroads.  That  so  many  of 
them  fail  to  pay  dividends  further  proves  it.  Let  us  call  the 
efficiency  of  supply  90  per  cent.,  the  efficiency  of  distribution  90 
per  cent.,  and  the  efficiency  of  equipment  use  80  per  cent.,  and  we 
have  an  end  efficiency  of  65  per  cent.  The  total  equipment 
charge  per  year  on  basis  of  present  capitalization  is  about  $1,210,- 
000,000.  Ought  it  on  basis  of  present  capitalized  unit  cost  to 
have  exceeded  $786,500,000?  Is  not  the  loss  that  can  ultimately 
be  wiped  out  $423,500,000?  This,  added  to  the  $175,000,000 
of  material  waste,  sums  up  to  $598,500,000,  or  more  than  a 
million  and  a  half  a  day. 

A  million  and  a  half  a  day  and  I  have  not  yet  touched  labor — 
labor  that  everybody  is  so  worried  about,  except  the  heartless 
scientific  managers ;  labor  at  whose  expense  all  the  saving  of  one 
million  dollars  a  day  was  to  be  made ;  labor,  always  the  first  point 
of  attack  when  reductions  seem  necessary.  It  is  so  easy  to  issue 
an  order  to  reduce  the  payroll  20  per  cent.,  to  cut  the  wage  rate, 
to  lay  off  those  who  can  least  stand  the  strain,  who  have  the 
smallest  margin  above  misery! 

Mr.  Symons  is  very  solicitous  about  labor,  yet  so  ingrained 
is  the  virus  of  wage  reduction  that  he  estimates  the  total  amount 
that  could  be  saved  by  Scientific  Management  at  $78,000  a  day, 
about  $23,400,000  a  year,  and  he  takes  it  all  out  of  labor.  Even 
as  a  railroad  economist  he  is  not  a  good  guesser,  for  between 
1908  and  1909  the  railroads  of  the  country  reduced  their  pay- 
rolls $47,000,000,  although  apparently  (so  unreliable  are  the 
records)  they  employed  66,500  more  men.  The  reduction  in 
pay,  as  was  to  be  expected,  fell  most  heavily  on  those  who  were 
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least  skilled,  the  classes  of  highest  skill  increasing  either  in  num- 
ber or  in  average  daily  pay. 

To  slash  the  payroll  either  by  cutting  rates  of  pay  or  laying 
off  men  is  abhorrent  to  all  Scientific  Management,  is  contrary 
to  all  the  principles  of  efficiency.  Permanence  of  employment, 
higher  skill,  and  higher  pay  are  the  aims  of  Scientific  Manage- 
ment. Nevertheless,  "  Labor  "  is  subject  to  exactly  the  same 
analysis  as  materials  and  equipment. 

The  cost  of  labor  consists  of  two  factors : 

( 1 )  Time  used,  corresponding  to  quantity,  and 

(2)  Wage  rate  per  hour,  corresponding  to  price. 

As  to  wages,  man  is  not  a  machine.  Continuous  horse-power 
from  Niagara  costs  about  $20  per  year.  If  men  working  at  66 
per  cent,  efficiency  and  receiving  $2  per  day  delivered  a  con- 
tinuous horse-power  for  a  year  the  cost  would  be  $54,000 
per  horse-power.  Man  is  not  an  animal.  As  a  producer 
of  energy  the  horse  is  cheaper  than  the  man.  It  would  take  a 
man  with  a  spade  560  seasons  to  turn  up  a  section  of  prairie  land, 
640  acres.  Directing  a  team  dragging  a  plow  the  man  can  accom- 
■plish  the  work  in  four  seasons,  but  with  oil  pull  engines  and  gang 
plows  twelve  men  will  do  the  plowing  in  36  hours. 

Only  a  fool  man  will  try  to  match  his  strength  against  ani- 
mals and  engines.  Man  can  think,  can  supervise,  can  direct; 
animals  and  engines  cannot.  It  is  for  directing  intelligence  that 
men  are  wanted  and  for  which  they  will  be  paid.  There  is  no 
limit  to  their  upward  value. 

The  general  officers  of  railroads  average  $12.67  ^  day,  track- 
men only  $1.38.  Ten,  a  hundred,  a  thousand  trackmen  could 
not  replace  a  great  railroad  executive.  The  average  daily  pay 
of  all  railroad  employees,  including  presidents,  seems  to  be  $2.20. 
This  is  none  too  high.  Wages  can  go  up  only  as  quality  im- 
proves, and  in  the  equation  of  T  W,  wages,  W  only  rises  as  T, 
Time,  falls,  and  T  falls  not  by  using  muscle  strenuously,  but  by 
using  brain  efficiently. 

Labor  expenses  of  the  railroads  aggregated,  in  1909.  $1,019.- 
000,000  a  year.  As  to  labor,  there  is  inefficiency  of  supply,  ineffi- 
ciency of  distribution,  and  inefficiency  of  use.  All  these  three 
inefficiencies  occur  in  greater  or  less  degree  as  to  all  classes  of 
labor.  There  is  inefficiency  of  supply  when  three  men  are  em- 
ployed to  do  the  work  of  two  men.     If  there  are   too  many 
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locomotives  and  trains,  there  are  inevitably  too  many  locomotive 
crews  and  train  crews.  If  any  man  does  useless  work,  there  is 
inefficiency  of  supply.  If  a  high-priced  man  is  put  on  low- 
priced  work,  work  that  could  be  done  better  by  steam  and 
machinery,  there  is  inefficiency  of  distribution. 

For  three  months  one  winter  I  watched  a  gang  of  500  men 
at  $6  a  day  shovelling  snow  on  a  railroad  grade;  they  worked 
hard  and  they  were  none  too  many.  The  following  winter  the 
bread  was  theoretically  taken  out  of  their  mouths  by  a  rotary 
snow-plow. 

I  have  seen  a  man  take  eighty  times  as  long  at  a  job  as  he 
ought  to  take.  I  have  seen  men  spoil  jobs  that  had  to  be  done 
again.     This  is  inefficiency  of  use. 

Even  as  Gen.  Charles  Miller  doubled  the  price  of  oil, 
improving  its  quality,  but  reduced  operating  costs  by  lessening 
its  quantity,  so  again  and  again  in  railroad  work  and  elsewhere 
we  have  found  that  as  quality  of  labor  improves,  a  higher  rate 
per  hour  being  paid,  quantity  of  time  required  goes  down. 

Nobody  pretends  that  lubricating  oil  works  any  harder  than 
twenty  years  ago ;  it  works  more  efficiently.  At  the  Topeka  shops 
some  men  earned  100  per  cent,  above  wages  for  a  whole  year. 
They  did  for  themselves  what  General  Miller  did  for  his  oil. 
They  cut  out  the  wastes  because  they  were  higher-quality  men, 
and  because  they  were  higher-quality  men  they  doubled  their 
wages  per  hour. 

The  principle  of  price  and  quantity  applies  from  the  presi- 
dent's chair  down  to  the  Mexican  on  the  grade.  No  class  of 
worker  is  exempt.  Some  men  hold  more  important  positions 
than  others,  some  men  in  comparatively  humble  positions  are 
able  immensely  to  waste  or  to  save.  We  have  checked  over 
every  class  of  railroad  labor  and  find  as  to  all  classes  the  depend- 
ent sequences  of  rate,  of  supply,  of  distribution,  and  of  use.  Mr. 
Symons's  sweeping  exclusion  of  all  classes  except  shopmen  is 
astounding.  In  what  way  do  railroad  clerks  differ  from  other 
clerks,  railroad  trackmen  differ  from  other  handlers  of  dirt  and 
wood  and  iron?  In  centralized,  supervised,  repeated  work  the 
efficiencies  of  the  dependent  sequences  ought  to  be  high.  In  de- 
centralized, unsupervised,  unrepeated  work,  just  such  work  as 
constitutes  track  maintenance,  the  efficiencies  of  the  dependent 
sequences  are  low,  terrifically  low,  and  when  the  attention  of  a 


178  Mr.  Emerson. 

general  manager  was  called  to  their  existence  his  only  excuse  for 
the  large  force  was  that  he  held  all  these  men  through  spring, 
summer,  and  autumn  because  he  might  have  a  snow  blockade 
in  the  winter.  The  fear  of  snow  blockade  did  not  prevent  another 
Western  road  from  reducing  its  section  men  to  one  for  each  eight 
miles  when  economies  were  imperative  to  impress  Wall  Street. 

Labor  on  a  whole  ranks  better  than  materials;  by  test  of  each 
different  class,  summarized  for  all  classes,  it  averages  below  80 
per  cent.  The  rate  per  hour  varies  much  for  men  of  the  same 
grade  in  different  parts  of  the  country,  much  more  for  men  in 
different  classes.  The  inefficiencies  are  high  wherever  the  pay 
is  low. 

Wages  are  often  high  where  the  cost  of  living  is  cheap,  wages 
often  low  where  the  cost  of  living  is  high.  One  class  is  high  in 
the  East  and  low  in  the  West.  I  justly  debit  to  labor  or  personal 
service  expenses  the  peculations  and  steals  that  have  occurred. 
The  one  steal  of  $623, ock)  on  the  Big  Four  enhanced  the  pay- 
roll of  that  system  $2000  a  day  for  a  whole  year.  The  several- 
million-dollar  steal  on  the  Illinois  Central  enhanced  the  payroll 
of  general  officers  $7500  a  day  for  two  years.  Both  these  steals 
would  have  been  impossible  under  Scientific  Management. 

Let  us,  however,  not  quarrel  with  the  rate  per  hour,  as  this 
usually  indicates  quality.  Attention  is  to  be  directed  to  the 
great  inefficiency  of  work  distribution,  to  the  great  surplus  of 
time,  and  to  the  great  inefficiency  of  time  use.  In  all  but  the 
most  highly  organized  industrial  plants  the  efficiency  of  supply 
is  not  over  80  per  cent.,  the  efficiency  of  distribution  is  not  over 
80  per  cent.,  the  efficiency  of  use  is  not  over  80  per  cent.  This 
gives  us  an  average  end  efficiency  of  51.2  per  cent. 

Before  going  to  the  rate  hearing  we  checked  up  the  piece  rates 
for  the  identical  operation  of  turning  up  Pullman  wheel  tires 
and  found  it  to  vary  from  $0.28  to  $1.40.  The  men  on  different 
rates  earned  daily  about  the  same  wages,  yet  the  time  efficiency 
of  the  $1.40  rate  men  was  only  25  per  cent. 

Many  of  the  railroads  boast  of  their  piece  rates.  Piece  rates 
are  not  an  efficiency  proposition.  They  are  based  on  the  theory 
that  they  will  promote  strenuousness ;  but  strenuousness  is 
opposed  to  efficiency,  which  works  on  the  theory  that  intelli- 
gence, not  toil,  produces  best  results. 
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I  know  of  no  class  of  railroad  labor  as  high  as  90  per  cent, 
in  each  term  of  the  sequence.  I  have  known  literally  thousands 
of  cases  in  all  classes  of  railroad  work  where  one  or  the  other 
term  was  below  60  per  cent. 

Assuming,  however,  90  per  cent,  as  to  each  term  of  the 
sequence,  the  end  efficiency  is  72.9,  and  as  to  $1,019,000,000  the 
preventable  loss  is  $275,000,000.  One-half  of  this  should  go  to 
increasing  the  rates  of  pay  in  order  to  secure  better  quality.  This 
reduces  the  possible  saving  to  $137,500,000.  Add  this  to 
$175,000,000  estimated  loss  on  supplies,  $423,000,000  estimated 
excess  in  investment  charges  and  we  have  a  total  of  $736,000,- 
000,  or  over  $2,000,000  a  day  for  each  day  in  the  year,  even 
if  it  is  leap  year. 

Even  with  supreme  wisdom,  or  even  such  wisdom  as  Ger- 
many brings  to  bear  on  her  industrial  problems,  it  would  take 
time  to  eliminate  all  this  loss.  The  $175,000,000  as  to  materials 
could  be  remedied  in  a  very  short  time,  say  five  years. 

The  loss  in  personal  service  efficiency,  less  than  one-quarter  of 
the  total  loss,  only  $137,500,000  could  be  eliminated  in  ten  years, 
by  educating  the  workers,  including  general  officers,  to  greater 
efficiency,  by  employing  more  men  who  think  and  fewer  who 
merely  toil,  by  standardizing  conditions  so  that  efficiency  would 
be  easier  and  there  would  be  no  necessity  to  discharge  a  single 
man.  On  the  contrary  many  poorly  qualified  men  would  have 
to  be  engaged  to  replace  those  dropping  out  from  natural  causes. 

But  as  to  investment,  with  proper  backing  by  the  United 
States  Government  and  a  suitable  amortization  of  capital 
$423,500,000  a  year  could  be  wiped  out  in  forty  years. 

There  are  a  number  of  eminent  efficiency  engineers  in  the 
country.  There  are  also  a  number  of  executives.  There  are  a 
number  of  labor  leaders.  Instead  of  giving  the  lie  to  each 
other,  why  not  put  the  matter  to  a  test? 

An  American  Society  for  Promoting  Efficiency  is  forming. 
The  object  of  the  society  is  to  promote  efficiency  in  enterprises 
of  all  kinds,  including  public  service  corporations.  A  special 
committee  working  to  establish  definite  standards  will  be  formed. 

Under  the  auspices  of  this  society  competent  efficiency  special- 
ists, at  small,  perhaps  even  no  expense  to  the  railroad  com- 
panies, could  investigate  any  representative  item  of  cost  on  any 
railroad  in  the  United  States,  report  on  actual  methods  in  use, 
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and  also  outline  scientific  control  of  the  cost  of  the  same  item, 
showing  the  difference  between  what  is  and  what  might  be. 

If  this  opportunity  should  be  used,  if  the  investigation  should 
show  worth-while  economies,  the  next  step  ought  to  be  to  carry 
the  economies  into  effect  and  to  that  end  railroad  men,  efficiency 
engineers  and  labor  leaders  ought  to  co-operate  so  that  the 
railroad  managers  may  be  convinced  that  high  efficiency  means 
better  operation  at  less  cost,  that  labor  men  may  be  convinced 
that  high  efficiency  means  a  higher  manhood,  less  toil  and  higher 
pay. 


Incandescent  Gas-Mantles.  Anon.  {Eng.,  cii,  2381,  238.) — 
Some  time  ago  it  was  discovered  that  ramie  was  much  more 
effective  than  cotton  for  the  construction  of  incandescent  gas- 
mantles,  because  the  separate  fabric  of  the  yarn  employed  remains 
fairly  wide  apart  and  presents  a  larger  glowing  surface,  which 
led  to  an  increased  lamp  efficiency.  According  to  the  Jmirnal  of  the 
Royal  Society  of  Arts,  experiments  with  artificial  silk  show  that  the 
fibres  of  this  material  maintain  their  individuality  to  an  even  greater 
extent  than  ramie,  and  the  mantles  themselves  are  said  to  be  much 
more  elastic,  supple,  and  durable.  The  Deutsche  Gasgliihlicht  Com- 
pany of  Berlin  intends  shortly  to  place  a  new  artificial  silk  mantle 
on  the  market. 

New  Petroleum  Fields  in  Turkestan.  Anon.  (Eng.,  xcii, 
2381,  227.) — Prof.  Hjalmar  Sjogren,  the  Swedish  scientist,  has 
completed  a  survey  of  the  petroleum  springs  in  Turkestan.  These 
springs  cover  a  vast  area  which  extends  to  the  Chinese  frontier  and 
the  Pamir  plateau.  It  is  believed  that  the  new  springs  will  not 
revolutionize  the  petroleum  market,  but  probably  will  be  able  to 
supply  the  ever-increasing  requirements  of  large  surrounding 
districts :  for  instance,  China  is  becoming  a  large  consumer.  In- 
directly, therefore,  the  new  springs  may  benefit  European  con- 
sumers. Professor  Sjogren  has  not  yet  finished  his  investigation, 
and  expects  to  visit  Turkestan  again  in  a  short  time. 

Casein  Manufacture  in  Australia.  Anon.  (Ch.  of  Com- 
merce Jr.,  Nov.,  191 1.) — A  factory  for  the  manufacture  of  casein 
will  be  established  at  Lismore,  in  New  South  Wales.  While  the 
factory  proper  will  be  at  Lismore,  precipitating  stations  will  be 
established  wherever  a  supply  of  from  2,000  to  3,000  gallons  of 
skimmed  milk  can  be  obtained.  At  these  stations  the  casein  will 
be  separated  from  the  whey,  and  forwarded  to  the  head  factory 
for  final  treatment.  The  price  paid  to  the  farmers  will,  it  is  esti- 
mated, be  100  per  cent,  increase  on  the  value  of  the  skimmed  milk 
as  pig  feed. 
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Hall  of  the  Franklin  Institute, 
Philadelphia,  January  17,  1912. 

President  Walton  Clark  in  the  Chair. 

Additions   to   membership   since    last   report,   3. 

The  tellers,  Messrs.  Colvin,  Cullen,  and  Jennings,  submitted  the  report 
of  the  ballots  cast  for  President,  two  Vice-Presidents,  Treasurer,  and 
eight  members  of  the  Board  of  Managers. 

The  following  gentlemen  were  declared  duly  elected  to  the  respective 
offices : 

Walton  Clark,  President   (to  serve  one  year). 

James  M.  Dodge,  Vice-President    (to  serve  three  years). 

Coleman  Sellers,  Jr.,  Vice-President   (to  serve  two  years). 

Cyrus  Borgner,  Treasurer  (to  serve  one  year). 

Charles  Day,  John  J.  Gibson,  George  A.  Hoadley.  George  E.  Kirk- 
patrick,  Isaac  Norris,  Jr.,  Lawrence  T.  Paul,  James  S.  Rogers,  Otto  C.  Wolf, 
Managers   (to  serve  three  years). 

The  President  presented  a  statement  of  the  work  of  the  Institute  during 
the  past  year. 

Following  the  meeting  of  the  Institute  for  the  transaction  of  this 
business  a  joint  meeting  was  held  with  the  Philadelphia  Section  of  the 
American  Institute  of  Electrical  Engineers.  The  President  called  upon 
Mr.  H.  Clyde  Snook,  chairman  of  the  Philadelphia  Section  A.  I.  E.  E.,  to 
take  the  chair. 

In  taking  the  chair,  Mr.  Snook  spoke  as  follows : 

"  I  take  the  liberty,  on  behalf  of  the  American  Institute  of  Electrical 
Engineers,  to  extend  to  the  President  of  the  Franklin  Institute  our  con- 
gratulations upon  his  long  and  faithful  service  for  the  Franklin  Institute,  and 
to  wish  him  well  as  he  now  enters  upon  another  year  of  active  and  inter- 
esting work. 

"  The  Philadelphia  Section  also  congratulates  the  Franklin  Institute  upon 
its  present  and  renewed  activity.  The  life  of  the  Institute  is  quickened 
more  than  it  was  last  year.  Each  year  seems  to  be,  as  it  should  be,  an 
improvement  over  the  preceding  year. 

"  This  evening,  to  each  one  of  us  who  is  fortunate  enough  to  be  present, 
is  presented  another  example  of  what  can  be  accomplished  by  co-operation 
in  the  advancement  of  the  efficiency  of  the  electrical  engineer  and  of 
engineering  in  general. 

"To-night  we  have  a  joint  meeting  of  the  Franklin  Institute  and  the 
American  Institute  of  Electrical  Engineers.  We  have  co-operation,  not 
only  between  these  two  scientific  bodies,  but  also  the  co-operation  of  all  of 
the  engineers  who  are  present,  and  the  co-operation  of  one  of  our  largest 
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industrial  organizations,  which  has  comphmented  us  to  the  extent  of  per- 
mitting the  head  of  its  research  laboratory  to  come  and  tell  us  something  of 
the  work  they  are  doing,  and  about  which  you  could  not  otherwise  learn 
if  you  spent  thousands  of  dollars  in  money  and  thousands  of  hours  of  time, 
and  travelled  thousands  of  miles  of  space.  This  emphasizes  the  fact  that 
failure  to  attend  these  meetings  means  that  you  miss  things  which  might 
be  brought  to  bear  to  increase  your  efficiency." 

He  then  introduced  Dr.  W.  R.  Whitney,  director  of  the  research  labora- 
tory. General  Electrical  Company,  Schenectady,  N.  Y.,  who  presented  a 
communication   entitled    "  Research   Laboratory   Notes." 

The  first  subject  considered  by  the  speaker  was  the  manufacture  of 
brushes  for  electric  motors.  The  requirements  of  a  brush  were  pointed  out 
and  the  numerous  experiments  made  with  a  view  to  its  development  were 
fully  described. 

The  vacuum  in  incandescent  lamps  was  next  brought  to  the  attention 
of  the  meeting.  The  various  methods  of  producing  a  vacuum  and  the 
effect  of  a  partial  exhaustion  of  the  air  from  lamp  bulbs  were  considered. 

A  detailed  account  of  the  various  departments  of  the  laboratory  of  the 
General  Electric  Company  was  next  given.  The  paper  was  illustrated  by 
lantern  slides. 

The  following  gentlemen  took  part  in  the  discussion  of  the  paper : 
Messrs.  J.  C.  Ramsburg,  George  R.  Green,  C.  O.  Bond,  Dr.  George  A. 
Hoadley,  Messrs.  James  M.  Dodge,  Frank  B.  Gilbreth,  and  others. 

The  chairman  called  on  Dr.  Hoadley,  who  presented  a  memorial  minute 
upon  the  death  of  Mr.  Charles  R.  Young.  On  motion,  duly  seconded,  the 
resolution  was  unanimously  adopted. 

President  Clark  then  resumed  the  chair.  On  motion,  duly  seconded, 
the  thanks  of  the  Institute  were  extended  to  Dr.  Whitney  for  his  interesting 
paper. 

Mr.  W.  N.  Jennings  then  exhibited  and  described  six  views  of  the 
recent  disastrous  fire  on  Market  Street,  showing  the  remarkable  ice  forma- 
tions on  the  ruins. 

Adjourned. 

R.  B.  Owens, 
Secretary. 


REPORT  OF  THE  BOARD  OF  MANAGERS  FOR  THE 
YEAR  ENDING  SEPTEMBER  30,  1911,  WITH  APPEN- 
DICES EMBRACING  THE  ANNUAL  REPORTS  OF 
THE   VARIOUS   COMMITTEES   AND    SECTIONS. 

To  the  Members  of  the  Franklin  Institute: 

For  the  sixth  time  I  have  to  thank  the  members  of  the  Franklin  Institute 
for  entrusting  to  me  the  duty  of  presiding  at  their  meetings,  and  assisting, 
as  president,  in  the  conduct  of  the  affairs  of  this  venerable  association. 

I  think  that  each  year  I  appreciate  more  the  honor  thus  given  me,  as  I 
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know  that  each  year  I  enjoy  more  the  performance  of  the  interesting  duties 
you  have  laid  upon  me. 

The  reports  of  the  standing  committees  for  the  year  past  have  been 
printed  and  are  now  in  the  hands  of  the  members.  I  hope  they  will  convince 
you  that  the  work  of  the  Institute,  so  far  from  being  permitted  to  lag,  has 
been  pushed  with  increased  vigor. 

During  the  past  year  the  Library  facilities  have  been  so  extended  that 
the  books  are  more  readily  available  than  heretofore  to  the  use  of  the 
student  and  the  investigator.  Our  schools,  through  a  greatly  enlarged 
number  of  students,  and  through  improved  methods,  have  added  to  their 
usefulness  in  the  industrial  education  of  the  youth  of  the  community. 

There  has  been  a  gratifying  increase  in  the  size  of  the  audiences 
attracted  to  our  meetings.  Not  infrequently  our  time-honored  hall  is 
taxed  to  its  capacity.  Printed  in  the  Journal,  the  valuable  subject  matter 
presented  at  these  meetings,  and  other  communications  of  great  technical 
interest,  have  evidenced,  in  this  country  and  abroad,  that  it,  America's 
oldest  scientific  journal,  retains  unimpaired  its  characteristics  of  originaHty 
and  leadership. 

I  was  compelled  to  report  to  you  a  year  ago  that  the  finances  of  the 
Institute  were  in  an  unsatisfactory,  though  in  an  improving,  condition.  I 
am  able  to-night  to  report  that  the  financial  condition  has  been  greatly 
improved.  Through  the  generosity  of  our  late  active  member,  Mr.  John  H. 
Noblit,  now  deceased,  and  through  the  desire  of  his  brother,  Mr.  Joseph  C. 
Noblit,  to  arrange  that  the  Franklin  Institute  should  at  once  have  the  benefit 
of  a  legacy  that  otherwise  would  not,  probably,  have  come  to  it  for  many 
years,  we  have,  within  the  last  two  months,  added  to  our  Endowment  Fund 
approximately  $135,000 — yielding  an  annual  revenue  of  something  over 
$6,400.  The  Institute  is  thus  indebted  to  Mr.  John  H.  Noblit,  deceased,  whose 
memory  we  hold  in  honor,  and  to  Mr.  Joseph  C.  Noblit,  now  still  and  for- 
tunately living,  for  this  large  and  welcome  addition  to  its  resources. 

We  have  also  received,  during  the  past  year,  through  the  generosity 
of  Miss  Maria  Blanchard,  deceased,  and  the  good  will  of  her  sister.  Miss 
Harriet  Blanchard,  a  legacy  of  $10,000 — adding  nearh'  $500  a  year  to  the 
income  of  the  Institute. 

Appropriate  resolutions  commemorative  of  these  deeds  of  generosity 
are  now  being  prepared  by  a  committee  of  the  Board  of  Managers. 

The  Franklin  Building  Fund  grows  slowly.  It  is  probable  that  we  will 
not  be  able  to  do  anything  this  year  toward  the  erection  of  the  hoped-for 
new  building  for  the  occupancy  of  the  Institute.  In  the  meantime,  the 
work  of  the  Institute  is  meeting  the  approval  of  the  scientific  world,  and  it 
is  the  determination  of  the  officers  and  managers,  to  whom  j-ou  have 
entrusted  the  conduct  of  its  aflfairs,  to  hand  our  institution  on  to  their 
successors  unimpaired  in  its  record  and  undiminished  in  its  honor. 

For  the  Board  of  Managers. 

W.\LT0N-    Clark, 

President. 
Philadelphia,  January  17,  1912. 
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REPORT  OF  THE  COMMITTEE  ON  INSTRUCTION 

To  the  Board  of  Managers: 

The  Committee  on  Instruction  reports  as  follows : 

The  work  of  the  school  during  the  eighty-seventh  year,  ending  Septem- 
ber 30,  191 1,  was  again  carried  out  on  the  lines  laid  down  in  the  summer 
of  1909,  under  the  directorship  of  Mr.  William  H.  Thome,  Professor  of 
Drawing,  with  the  assistance  of  the  following  officers  of  instruction :  H.  E. 
Hutchins,  Assistant  Director,  Professor  of  Mechanics ;  H.  P.  Tyson,  Pro- 
fessor of  Mathematics;  M.  H.  Keil,*  Professor  of  Naval  Architecture; 
Clement  Remington,  I.  V.  Pedrick,  A.  V.  McConnell,  Instructors  in  Draw- 
ing; John  Burt,  William  E.  Bullock,  Instructors  in  Mechanics;  G.  T.  Sharp, 
Instructor  in  Mathematics. 

The  following  table  shows  the  registration  in  the  various  departments 
and  also,  for  comparison,  the  corresponding  registration  in  the  preceding 
year: 

Department.  Winter,  Winter,  Spring,  Spring, 

1909.  1910.  1910.  1911. 

Drawing    98  140  6y  112 

Mathematics , 41  2>7  18  29 

Mechanics  22  24  18  21 

Naval  Architecture 12  5  8  5 

173  206  III  167 

A  marked  increase  in  number  of  students  is  shown  in  the  Department 
of  Drawing,  an  increase  of  70  per  cent,  in  the  spring  term.  The  aggregate 
registration  in  the  other  departments  was  also  121  for  the  year,  as  compared 
with  119  for  the  preceding  year. 

In  the  winter  term  of  1911-12  provision  was  made  for  the  office  to 
be  open  to  prospective  students  for  information  and  registration  during  the 
week  previous  to  the  commencement  of  the  term,  with  the  result  that  90 
students  were  during  that  week  registered  in  the  Department  of  Drawing, 
42  in  Mathematics,  22  in  Mechanics,  and  17  in  Naval  Architecture,  indicat- 
ing prospects  for  a  good  year. 

The  1911-12  catalogue  was  drawn  up  on  the  lines  of  the  previous  issue, 
with  the  addition  of  a  historical  note  on  the  work  of  the  schools,  a  time- 
schedule  of  classes,  and  a  sample  of  work  done  in  the  Drawing  School,  etc. 

The  following  popular  lectures  were  delivered  in  the  hall  of  the 
Institute  during  the  year,  on  the  dates  given : 

December  9,  1910. 

"  Contributions   of    Photography   to   our    Knowledge   of  the    Stellar 
Universe."     (Dr.  John  A.  Brashear.) 

♦Succeeded  by  Prof.  H.  C.  Towle  in  January,  191 1, 
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December  16,  1910. 

"  Some  Practical  Observations  in  Alaska."     (Mr.  Edward  R.  Taylor.) 
January  6,  igii. 

"The  Panama  Canal."     (Mr.  William  M.  Ridpath.) 
January  27,  191 1, 

"  Some    New    Discoveries    in    the    Development,    Construction,    and 
Dynamics  of  Language."     (Mr.  Hudson  Maxim.) 
February  17,  191 1. 

"In  the  Land  of  Manana,  Under  the  Southern  Cross."     (Mr.  W.  N. 
Jennings   and  Mr.   Charles   K.   Stokes.) 
All  the  above  lectures  were  exceptionally  well  attended ;  in  fact,  at  some 
of  them  the  seating  capacity  of  the  hall  was  quite  inadequate. 

Respectfully  submitted, 

Lawrence  T.  Paul, 
Philadelphia,  January  10,  1912.  Chairman. 


REPORT  OF  COMMITTEE  ON  ELECTIONS  AND  RESIG- 
NATIONS OF  MEMBERS. 

To  the  Board  of  Managers' 

During  the  fiscal  year  (October,  1910,  to  September,  191 1,  inclusive)  there 
were  elected  to  membership  : 

28  Resident  Members, 

15  Non-Resident  Members, 
5  Associate  Members, 

4  Life  Members. 

During  the  same  period  there  were  resignations  from : 

12  Resident  Members, 

12  Non-Resident  Members. 
Deaths  were  recorded  of: 

16  Resident  Members, 

5  Non-Resident  Members, 
9  Life  Members. 

Respectfully  submitted, 

W.  C.  L.  Eglin, 
Philadelphia,  January  10,  1912.  Chairman. 


REPORT  OF  THE  COMMITTEE  ON  STOCKS  AND 
FINANCE  FOR  THE  YEAR  1911. 

Financial  Statement,  October  i,  1910,  to  September  30,  1911. 

Property  and  Funds. 

Building  and  land,  13-17  S.  Seventh  Street $60,000.00 

Library    100,000.00  $160,000.00 
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Principal.        Unexpended 
income. 

Funds  held  by  Board  of  Trustees $65,167.10        $638.93 

Funds  held  by  Board  of  Managers 23,478.50  407.98 

Franklin  Institute  Building  Fund 351,428.60 

Elliott    Cresson   Medal   Fund 1,000.00        2897.18 

Franklin  Fund  and  Building  Committee.  ..  .       4,282.50 

Total  funds  $445,356-77       $3,944-09    449,300.86 

Grand  total   $609,300.86 

Liabilities. 

Certificates  of  stock   $30,430.00 

Mortgage  on  Institute  Building  (held  by  Trustees  as  investment 

for  funds)    2,825.00 

Bills  payable   28,250.00 

Life  memberships    2,185.00 

Accounts  payable   2,806.63 

Unearned  income  1,001.03 

Grand  total    $67,497.66 

Income  and  Expenses  applicable  to  Year  Ending  September  30. 

Income. 

Dues $8,89958 

Donations   1,700.00 

Initiation  fees 70.00 

General  Endowment  Fund  2,248.73 

Estate  of  John  Turner  1 19.29 

Estate  of  Robert  Wright 2,201.41 

Membership  badges    6.80 

Instruction :  Drawing  $1,231.50 

Mathematics   326.50 

Mechanics    223.00 

Naval  architecture   75-00  1,856-00 

Publications :  Subscriptions  and  sales    1,689.21 

Advertising    3,394-10 

Total    $22,697.07 

Expenses. 

Building :  Wages    $953-25 

Repairs  and  maintenance   ^77  i^ 

Heat,  light  and  power  685.89 

Taxes,  water  rent  and  insurance  445-20 

Miscellaneous  supplies  and  expense 386.55        $3,148.25 
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Elections  and  resignations  51476 

Instruction :  Drawing    $1013.80 

Mathematics    238.40 

Mechanics 401-50 

Naval  architecture  133-50 

Miscellaneous  expense   466.01          2,253.21 

Library :  Salaries    $3200.86 

Books  and  periodicals 1745.94 

Binding 416.50 

Miscellaneous   expense    297.55          5,660.85 

Meetings   410.17 

Office  and  General :  Salaries    $7032.10 

Office  expense  75282 

General    expense    1088.37          8,873.29 

Publications :  Printing    $3894-98 

Reprints    462.83 

Illustrating    408.56 

Miscellaneous  expense  736.71          5,50308 

Science  and  Arts 1,146.44 

Sections  669.45 

Interest  and  discount  975-46 

Special  repairs    182.04 

Interest  paid  John  T.  Kille  on  donation  to  General  En- 
dowment Fund   200.00 


Total    $29,537.00 

Net  expense  6,839.93 

During  the  fiscal  year  the  General  Endowment  Fund  has  been  increased 
by  $1,850.  The  Franklin  Institute  Building  Fund  has  been  increased  by 
$10,000  through  interest  accretions.  Certificates  of  First-Class  Stock  have 
decreased  by  $780.  The  mortgage  on  the  Institute  building  has  been  reduced 
by  $750. 

Excess  of  expenses  over  income  for  the  year  was  $6,839.93.  This  deficit 
was,  as  last  year,  entirely  due  to  outlays  absolutely  necessary  in  order  to 
continue  the  rehabilitation  of  the  Institute.  The  result  of  these  outlays  is 
evident  from  the  increased  attendance  at  the  various  meetings  of  the  Insti- 
tute and  in  other  evidences  of  the  revival  of  public  interest  in  the  work 
done  by  the  Institute. 

Respectfully  submitted, 

Walton  Forstall, 

Chairman. 
Philadelphia,  January  10,  1912. 
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REPORT  OF  THE  COMMITTEE  ON  PUBLICATIONS. 

To  the  Board  of  Managers: 

The  publications  of  the  Institute,  particularly  its  monthly  Journal  and 
the  reprints  of  individual  articles  therein,  have  expanded  in  volume  during 
the  past  year  in  natural  sequence  to  the  widening  scope  of  scientific  work 
that  has  come  to  be  centred  here.  The  prevailing  activity  in  the  field  of 
analytical  research,  both  in  the  collecting  of  purely  theoretical  data  and  also 
the  practical  application  of  such  data  in  the  advancement  of  the  arts,  finds 
in  the  organization  of  the  Institute  potent  means  for  its  furtherance  and  in 
the  Journal  of  the  Institute  a  universally  recognized  medium  of  publicity. 

The  amount  of  material  of  importance  brought  under  consideration  at 
the  meetings  of  the  Institute  and  of  its  several  Sections  has  of  late  been 
rapidly  increasing,  as  also  have  the  number  of  announcements  and  reports 
sent  in  from  authoritative  investigators  in  various  fields  of  work.  We  have 
thus  had  presented  to  us  the  necessity  of  increasing  each  issue  of  the 
Journal  by  a  minimum  of  sixteen  pages,  or  the  alternative  of  failing  to  do 
justice  not  only  to  our  valued  contributors  but  also  to  our  membership-at-large. 
Your  committee  has  chosen  the  former  course  as  the  only  proper  one  under 
the  circumstances.  The  cost  of  producing  the  Journal,  the  requisite  re- 
prints, and  the  incidentals  has  consequently  increased  considerably  during 
the  year,  but  the  earnings  of  the  publication  have  almost  kept  pace  with  it. 
The  fiscal  year  ended  with  a  debit  balance  against  the  Journal  amounting 
to  $419.17,  a  sum  much  less  than  the  deficits  of  previous  years,  when  the 
publication  was  run  on  a  smaller  scale  and  when  its  editions  were  not 
nearly  so  large  as  now. 

The  system  of  awarding  the  Howard  N.  Potts  Gold  Medal  and  of  sev- 
eral Edward  Longstreth  Medals  of  Merit  in  recognition  of  the  most  im- 
portant contributions  to  the  Journal,  inaugurated  last  year,  has  aff^orded 
the  Institute,  through  your  committee,  a  means  of  testifying  to  the  authors 
an  appreciation  which  could  not  otherwise  be  adequately  expressed.  That 
these  awards  have  been  accepted  in  the  spirit  in  which  they  were  made 
may  well  go  without  saying.  The  idea  has  commended  itself  from  every 
point  of  view,  and  not  the  least  of  its  favorable  aspects  is  that  the  awards 
are  made  through  the  medium  of  the  Committee  on  Science  and  the  Arts, 
to  whose  co-operation  in  this  direction  the  Editorial  Committee  is  greatly 
indebted. 

Respectfully  submitted, 

Louis  E.  Levy, 
Philadelphia,  January  10,  1912.  Chairman. 


REPORT  OF  THE  COMMITTEE  ON  SECTIONAL 
ARRANGEMENTS. 

(Abstract.) 
To  the  Board  of  Managers: 

During  the  year  ending   September  30,   191 1,  thirty-one  meetings   were 
held  by  the  Sections,  and  papers  on  the  following  subjects  were  presented: 
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Physics  and  Chemistry  Section. 

Seven  Meetings. 

November  3,  191 1. 

The  Theory  of  Problems  in  Chemistry.     (Mr.  J.  T.  Baker.) 

December  22,   1910. 

Recent  Progress  in  the  Chemistry  of  the  Terpenes  and  Camphors.     (Mr. 
Joseph  S.  Hepburn.) 

January  5,  191 1. 

The  Preparation  and  Testing  of  Drugs.     (Prof.  William  A.  Pearson.) 

January  26,  1911. 

Use  of  Lantern  Slides  in  the  Teaching  of  Chemistry.     (Dr.  Harry  F. 
Keller.) 

February  16,  1911. 

Modern  Commercial  Food  Manufacturing.     (Mr.  L.  S.  Dow.) 

March  30,  191 1. 

Materials  Used  in  the  Manufacture  of  Paints.     (Mr.  G.  B.  Heckel.) 

May  4,  1911. 

The  Teaching  of  Elementary  Chemistry.     (Dr.  R.  H.  Bradbury.) 

Electrical  Section. 

Seven  Meetings. 

October  6,  1910. 

Some  Recent  Problems  in  Storage  Battery  Engineering.     (Mr.  Joseph 
Appleton.) 

December  29,  1910. 

Arc  Lamps.     (Mr.  K.  A.  Albrecht.) 

January  3,  191 1. 

The  New  Iron-Clad  Exide  Battery  for  Electric  Vehicles.     (Mr.  E.  H. 
Flanders.) 

January  12,  191 1. 

New  Metallic  Filament  Lamps.     (Mr.  G.  S.  Merrill.) 

February  2,  1911. 

Prepayment  Electric  Meters.     (Mr.  F.  G.  Vaughen.) 

March  2,  191 1. 

Some  Unexplored  Electrical  Fields.     (Dr.  Chas.  P.  Steinmetz.) 

April  20,  1911. 

Electric  Furnaces.     (Mr.  Carl  Hering.) 
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Mechanical  and  Engineering  Section. 

Nine  Meetings. 
October  13,  1910. 

Mechanical  Engineering  Problems  in  Illuminating  Gas  Works.  (Mr. 
James  A.  P.  Crisfield.) 

November  10,  1910. 

Production  of  Power.     (Dr.  D.  S.  Jacobus.) 

November  17,  igio. 

The  Air  Brake  as  Related  to  Progress  in  Locomotion.  (Mr.  Walter  V. 
Turner.) 

December  15,  1910. 

The  Work  of  the  Bureau  of  Standards  in  Connection  with  Structural 
Material.     (Dr.  S.  W.  Stratton.) 

February  23,  191 1. 

Natural  and  Artificial  Draft.     (Mr.  Henry  G.  Brinckerhoff.) 

March  16,  191 1. 

Conservation  of  Iron.     (Dr.  Allerton  S.  Cushman.) 

April  6,  1911. 

Small  Public  Service  Properties  and  Their  Future.  (Mr.  W.  S.  Bar- 
stow.) 

May  II,  1911. 

Metering  Steam  and  Gas.     (Prof.  Carl  C.  Thomas.) 

May  18,  1911. 

Machine  Molding.     (Mr.  Wilfred  Lewis.) 

Photographic  Section. 

Four  Meetings. 
October  27,  1910. 

Organic  and  Inorganic  Forms  Shown  with  the  Projection  Microscope. 
(Dr.  Henry  Lefifmann.) 

December  8,  1910. 

A  New  Aero  Camera.  (Mr.  W.  N.  Jennings.)  Landscape  Views.  (Mr. 
Richard  Pertuch.)  Miscellaneous  Lantern  Slides.  (Dr.  Henry  Leff- 
mann.) 

March  9,  191 1. 

Some  Unusual   Photographic   Processes.      (Dr.   Henry   Leffmann.) 

April  13,  191 1. 

Review  of  Work  of  Section.  (Dr.  Henry  Leffmann.)  Lantern  Views  of 
Lightning.     (Mr.  John  M.  Justice.) 
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Mining  and  Metallurgical  Section. 

Four  Meetings. 
October  20,  1910. 

Selection  and  Treatment  of  Alloy  Steels  for  Automobiles.  (Mr.  Henry- 
Souther.)  Address  of  the  President  of  the  Section:  "Integrity  of 
Tests  of  Metals."     (Professor  A.  E.  Outerbridge,  Jr.) 

December  i,  1910. 

A  Vacation  Trip  in  Scandinavia  with  Some  Observations  on  the  Electro- 
metallurgy of  Iron  and  Steel.     (Dr.  Joseph  W.  Richards.) 

February  9,  1910. 

Eleventh  International  Geological  Congress.     (Dr.  Edgar  T.  Wherry.) 

March  23,  191 1. 

Vanadium  Alloys.     (Mr.  George  L.  Norris.) 

The  increased  attendance  at  meetings  of  all  sections  indicated  a  marked 
interest  in   the   subjects  presented. 

Respectfully  submitted, 

R.  B.  Owens, 
Philadelphia,  January  10,  1912.  Secretary. 


REPORT  OF  THE  COMMITTEE  ON  ENDOWMENT. 

To   the  Board  of  Managers: 

Your  committee  reports  that,  while  there  were  no  endowments  to  record 
for  the  fiscal  year  ending  September  30,  191 1,  covered  by  this  report,  since 
that  date  the  sum  of  $145,822.79  has  been  added  to  the  Endowment  Fund  of 
the  Franklin  Institute ;  the  sum  having  been  transferred  by  the  Board  of 
Managers  to  the  Board  of  Trustees,  and  the  interest  of  which  is  to  be  used 
by  the  Institute  for  maintenance.  Of  this  amount  the  sum  of  $135,822.79  was 
received  from  the  estate  of  the  late  John  H.  Noblit,  of  Philadelphia,  and  the 
sum  of  $10,000.00  was  received  from  the  estate  of  Miss  Maria  Blanchard, 
also  of  this  city. 

The  Endowment  Committee  wishes  to  bring  the  Endowment  Fund  to 
the  attention  of  the  members  of  the  Institute,  as  it  is  essential  that  a  suit- 
able endowment  fund  be  provided  not  only  for  immediate  use  of  the  Institute, 
but  for  its  use  when  it  moves  into  a  new  building,  which  will  necessarily 
entail  additional  expense  for  maintaining  and  carrying  on  the  work  on  a 
greater  scale.  While  a  new  building  is  essential,  the  endowment  for  the  sup- 
port of  the  new  building  is  equally  essential. 

Very  respectfully, 

[Signed]     Henry  Howson, 
Chairman. 
Philadelphia,  January  10,   1912. 
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REPORT  OF  THE  COMMITTEE  ON  LIBRARY. 

(Abstract.) 

To  the  President  and  Members  of  the  Franklin  Institute '• 

The  Committee  on  Library  respectfully  submits  the  following  report  on 
the  activities  of  the  Library  during  the  twelve  months  ending  September  30, 
191 1 : 

The  additions  to  the  Library  during  this  period  were  as  follows : 

Source.  Bound  Unbound        Pamphlets.      Maps. 

volumes.  volumes. 

Gift  385      363      712      2 

Journal  21       20       59 

Exchange  28               i 

Institute    Appropriation    18                 21 

Lea  Fund  25                   8 

Moore  Fund  156                  30                   5 

Morris  Fund  30                  3                   i 

Potts  Fund   14                   5 

Binding :  Institute  Appropriation 86 

"         Chemical    Periodicals    Binding 

Fund    42 

"         Moore  Fund  4 

"         Morris   Fund    61 

870  450  778  2 

Total  additions  for  the  j'ear,  2,100. 

Gifts  of  books,  periodicals,  and  pamphlets  in  larger  quantities  or  of 
special  value  were  received  from  Messrs.  Hugo  Bilgram,  John  E.  Carter, 
George  S.  Cullen,  Morris  Ebert,  S.  E.  Fairchild,  Richard  Gilpin,  Carl  Hering, 
Robert  D.  Jenks,  Louis  E.  Levy,  John  McDowell,  Richard  Wain  Meirs,  Henry 
Pemberton,  Jr.,  Drs.  S.  Solis  Cohen,  Samuel  C.  Hooker,  Harry  F.  Keller, 
Wm.  H.  Trueman,  Miss  Wood,  Mrs.  Stuart  E.  Freeman,  Mrs.  Joseph  Rich- 
ards, Messrs.  Cornell  &  Matthews  and  Harris  &  Richards,  the  Comptroller- 
General  of  Patents  of  Great  Britain,  the  Royal  Technical  High  School  of 
Munich,  and  the  Pennsylvania  State  Library. 

The  transfer  of  the  non-technical  documents  to  the  Free  Library,  which 
was  begun  in  September,  1909,  has  been  finished.  466  volumes  of  the  United 
States  Government  publications  and  700  volumes  of  State  publications  were 
thus  disposed  of. 

The  removal  of  popular  magazines  was  begun  during  the  past  year,  and 
228  bound  volumes,  766  unbound  volumes,  and  11,047  numbers  were  sent  to 
the  P'ree  Library.     The  greater  part  of  this  work  is  finished. 

Five  volumes  on  Scotland  were  deposited  with  the  St.  Andrew's  Society 
•of  Philadelphia,  in  addition  to  those  of  which  the  deposit  was  reported  last 
:year. 

The  contents  of  the  Library  on  October  i,  191 1,  after  deducting  the  vol- 
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umes    transferred    to    the    Public   Library   and   pamphlets   bound,    were   as 
follows : 

Volumes,  bound  and  unbound   61,481 

Pamphlets 47,6i3 

Maps   and  charts    2,269 

Drawings,  designs,  lithographs    7^3 

Photographs    1, 3^2 

Newspaper  clippings    192 

Manuscripts    34 

BINDING. 

The  total  number  of  volumes  bound  during  the  year  was  334,  consisting 
of  periodicals,  patent  specifications,  unbound  books  and  pamphlets. 

BUILDING    AND   BOOK   REARRANGEMENTS. 

Numerous  alterations  and  improvements  in  the  building  and  in  the  inter- 
est of  the  Library,  which  were  in  progress  at  the  beginning  of  the  year,  have 
been  completed. 

The  transfer  of  the  Actuary's  office  to  the  first  floor  and  the  use  by  the 
Librarian  of  the  room  thus  vacated  has  provided  the  latter  with  office  sur- 
roundings conducive  to  efficient  work,  and,  at  the  same  time,  has  relieved 
the  library  and  reading-room  from  the  noises  and  interruptions  incident  to  the 
business  of  the   Actuary's  office. 

The  work  of  putting  in  order  the  many  files  of  periodicals  transferred 
from  different  parts  of  the  building  to  the  new  periodical  room  in  the  base- 
ment is  steadily  progressing.  The  limited  number  of  assistants  in  the  library 
makes  it  impossible  to  push  this  work  more  vigorously ;  for  the  regular  duties 
of  these  assistants  occupy  their  time  during  the  day,  and  this  special  work 
can  only  be  taken  up  in  the  evening.  The  work  of  arranging  the  books  in 
the  room  on  the  third  floor  is  also  only  partly  completed. 

The  model-cases  in  the  reading-room  have  been  rearranged  so  as  to  make 
it  possible  to  utilize  them  for  placing  on  view  a  number  of  the  more  im- 
portant books  of  reference.  The  latter  are  now  easily  accessible,  and  it  is 
hoped  will  be  used  more  freely  than  heretofore. 

The  reading-room  has  been  thoroughly  cleaned  up,  newly  painted  and 
lighted,  and  new  chairs  have  been  added  to  its  equipment. 

Little  more  remains  to  be  done  in  the  removal  of  non-technical  material 
and  public  documents.  In  the  final  rearrangement  of  all  the  classes  may  be 
found  a  small  residue  of  books  which  is  of  no  value  in  the  Institute's  col- 
lection, and  which  will  be  disposed  of  by  sending  it  to  the  Free  Library. 

BINDING   OF   PAMPHLETS. 

The  binding  of  pamphlets  on  Mechanics  has  been  continued  during  the 
year.  In  all,  sixty  volumes,  containing  over  600  pamphlets,  have  been  bound. 
Eighteen  of  these  volumes,  or  170  pamphlets,  have  been  fully  catalogued,  a 
total  of  three  hundred  cards  being  written.  Forty-three  volumes,  approxi- 
mately 400  pamphlets,   are  still  uncatalogued.     Other    volumes    are    at    the 
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bindery,  and  will  soon  be  returned.  To  make  these  pamphlets  fully  available 
each  one  must  be  treated  as  a  separate  work,  i.e.,  making  an  entry  for  each 
under  the  author  and  subject,  and,  if  advantageous,  under  the  title. 

BOOK   PLATES. 

During  the  year  new  book  plates  were  provided  for  the  Moore  Fund,  the 
Morris  Fund,  and  the  Potts  Fund.  The  committee  takes  this  opportunity  to 
express  to  Mr.  Louis  E.  Levy  its  appreciation  of  the  care  he  bestowed  upon 
supervising  the  preparation  of  the  designs  and  the  making  of  the  half-tone 
blocks. 

LIBRARY   NEEDS. 

Among  the  urgent  needs  of  the  Library  none,  perhaps,  is  more  impera- 
tive than  a  special  fund  or  appropriation  for  the  binding  of  the  enormous 
mass  of  books  and  periodicals  that  has  accumulated.  These  unbound  materials 
may  be  roughly  classified  as  follows : 

British  patent    specifications    2,840  volumes 

British  patent  abridgments 250  volumes 

Swiss  patent  specifications   350  volumes 

Austrian  patent  specifications   247  volumes 

Unbound  volumes  in  the  Library 10,426  volumes 

Unbound   periodicals    5,9SO  volumes 

Total    20,063  volumes 

The  cost  of  binding  is  estimated  at  approximately  $1  per  volume. 

In  addition  to  the  above,  there  is  still  the  collection  of  pamphlets  to  con- 
sider ;  they  should  be  either  bound  or  otherwise  provided  for.  A  fund  for 
the  binding  of  pamphlets  on  chemical  and  electrical  subjects  is  much  to  be 
desired. 

Of  even  greater  importance,  in  the  committee's  opinion,  is  the  prepara- 
tion of  a  complete  statement  of  the  condition  of  the  periodical  sets  in  the 
Library.  This  should  afford  full  information  as  to  the  beginning  of  each 
serial,  date  of  publication,  number  of  volumes,  whether  bound  or  unbound, 
whether  complete  or  incomplete,  and,  if  incomplete,  the  enumeration  of  the 
missing  parts. 

There  are  now  some  1,500  periodical  sets  on  the  library  shelves,  not  in- 
cluding State  publications.  .A.  statement  such  as  the  one  here  proposed  would 
make  it  possible  for  the  committee  gradually  to  fill  the  gaps  by  supplying 
periodical  dealers  with  lists  of  the  Library's  wants,  and  in  carefully  watching 
the  lists  published  by  such  dealers.  Although  it  is  difficult  to  make  an  esti- 
mate of  the  time  that  would  be  required  to  make  such  an  inventory,  it  is  cer- 
tain that  this  task  can  not  be  properly  accomplished  unless  it  receives  the 
undivided  attention  of  a  trained  librarian  for  a  period  of  several  months  at 
least.  Respectfully  submitted, 

Harry  F.  Keller, 
Philadelphia,  January  10,  1912.  Chairtnan. 
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REPORT  OF  THE  COMMITTEE  ON  MUSEUMS. 

To  the  President  and  Members  of  the  Franklin  Institute: 

The  Committee  on  Museums  begs  to  report  that  during  the  year  much 
work  has  been  done  in  the  way  of  rearranging  the  models  in  possession 
of  the  Institute,  rendering  them  more  serviceable  to  the  student  and  investi- 
gator. Among  others,  the  following  interesting  models  have  been  thoroughly 
overhauled : 

Model  of  Stephenson  Locomotive,  1816. 

Model  of  Oliver  Evans's  "  Oructor  Amphibolis "  (the  first  American 
locomotive). 

Model  of  Early  Duplex  Pump. 

Model  of  Beam  Engine,  said  to  be  the  first  engine  at  Fairmount  Water 
Works. 

Model  of  Early  Horizontal  Stationary  Engine. 

Static  Electric  Machine. 

Stair  Lift  Model,  Link-Belt  Company. 

Portable  Engine. 

Work  is  now  being  done  on  the  revising  of  the  classification  of  all  the 
models,  and  for  instruction  purposes  several  have  been  transferred  to  the 
school-rooms. 

Respectfully  submiteed, 

Alex.  E.  Outerbridge,  Jr., 
Philadelphia,  January  10,  1912.  Chairman. 


REPORT  OF  THE  COMMITTEE  ON  MEETINGS. 

(Abstract.) 

To  the  President  and  Members  of  the  Franklin  Institute: 

During  the  j^ear  ending  September  30,  iQii,  ten  Stated  Meetings  of  the 
Institute  were  held  under  arrangements  made  by  the  Committee  on  Meetings, 
with  the  co-operation  of  the  Secretary's  Office.  At  these  the  following 
subjects  were  presented : 

October,  1910 :  "  Recent  Advances  in  the  Construction  of  Fire-  and 
Burglar-Proof  Safes."     (Mr.  E.  E.  Watson.) 

November,  1910:  "Mechanical  Flight."     (Mr.  Geo.  A.  Richardson.) 

December,  1910 :  "Applications  of  Chemistry  to  Public  Welfare."  (Dr. 
Harvey  W.  Wiley.)  "The  Technology  and  Application  of  Pigments."  (Mr. 
Henry  A.  Gardner.) 

January,  1911:  "Water  Filtration  for  Industrial  Purposes."  (Mr. 
Churchill  Hunger  ford.) 

February,  1911:  (adjourned  to  Engineers'  Club)  "Panama  Canal." 
(Col.  Geo.  W.  Goethals.) 

March,  1911 :  "Recent  Astronomical  Photography."  (Prof.  Geo.  W. 
Ritchey.) 
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April,    191 1 :  "Engineering    as    Related    to    the    Structure   of    the    Body 
Politic."     (Mr.  J.  C.  Trautwine,  Jr.) 

May,   191 1  :  "The  Handling,  Transportation,  and  Storage  of  Perishable 
Foodstuffs."     (Mr.  Joseph  S.  Hepburn.) 

June,  191 1 :  No  paper. 

September,    191 1:  "Modern   Uses   and   Applications   of   Radium."     (Dr. 
Hugo  Lieber.) 

A  good  attendance  at  all   meetings  indicated   a  marked  interest   in   all 
subjects  presented. 

At  most  of  the  meetings  the  papers  were  illustrated  either  by  lanterrt 
slides  or  by  experiments,  or  both. 

Respectfully  submitted, 

James  S.  Rogers, 
Chairman. 
Philadelphia,  January  10,  1912. 


REPORT  OF  THE  COMMITTEE  ON  SCIENCE  AND 
THE  ARTS. 

Philadelphia,  Pa.,  January,  1911. 
To  the  President  and  Members  of  the  Franklin  Institute: 

The  Committee  on  Science  and  the  Arts  has  the  honor  to  submit  the 
following  account  of  its  operation  for  the  year  ending  September  30,  1911 : 

The  total  number  of  applications  for  investigation  pending  September  30, 
191 1,  was  58;  cases  added  during  the  year,  6;  cases  closed,  44;  cases  pending 
September  30,   1911,  20. 

In  six  of  the  cases  considered  the  award  of  the  John  Scott  Legacy 
Medal  and  Premium  was  recommended  (five  awards  were  made  and  protest 
against  one  is  pending)  ;  in  five  cases  the  award  of  the  Edward  Longstreth 
Medal  of  Merit  was  recommended  (three  awards  were  made,  one  was 
changed  to  a  Certificate  of  Merit,  and  one  is  being  protested)  ;  two  Certifi- 
cates of  Merit  were  recommended  and  awarded ;  fourteen  reports  were  made 
advisory,  and  seventeen  cases  were  dismissed. 

On  the  recommendation  of  the  Special  Committee  on  the  awarding  of  the 
Elliott  Cresson  Medal  in  recognition  of  leading  and  directive  work  in  science 
and  the  arts,  seven  awards  were  made. 

On  the  recommendation  of  the  Subcommittee  on  Literature,  four  Ed- 
ward Longstreth  Medals  for  "  meritorious  papers  "  and  one  Howard  N.  Potts 
Medal  for  "  papers  of  especial  merit "  published  in  the  Journal  were  awarded. 

A  list  of  the  above  awards  is  appended  hereto. 

Amendments  relating  to  the  1909  Regulations  were  considered  and 
adopted  in  their  final  form.  Amongst  these  was  the  resolution  defining  the 
duty  of  the  Subcommittee  on  Literature  to  consider  the  merits  of  any  publi- 
cation or  treatise  devoted  to  Science  and  the  Mechanic  Arts,  with  a  view 
to  recommending  the  award  of  the  Potts  Medal  once  annually. 


Annual  Report  of  Board  of  Managers.  197 

A  resolution  was  made  that  the  committee  adopt  the  principle  of  recog- 
nizing the  life-work  of  scientists  and  technologists  of  long-established  reputa- 
tion by  according  to  such  the  highest  awards  of  the  Institute. 

The  preliminary  report  of  the  Special  Committee  on  the  Descriptive 
Pamphlet  was  adopted.  This  committee  recommended  the  foundation  of  a 
"  Franklin  "  Gold  Medal  to  be  awarded  to  those  having  an  established  repu- 
tation for  leading  work  in  physical  science,  etc.,  and  defined  the  grades  of 
the  present  awards. 

The  Chairman  desires  to  express  his  deep  appreciation  of  the  active 
and  efficient  co-operation  of  his  fellow-members  of  the  committee. 

Respectfully  submitted, 

George  A.  Hoadley, 
Chairman. 
Philadelphia,  January  10,  1912. 


APPENDIX. 

Details  of  Awards. 

The  Elliott  Cresson  Medal  to : 

Edward  Weston,  D.Sc,  LL.D.,  for  distinguished  leading  and  directive- 
work  in  electrical  discovery  and  in  the  advancement  of  electrical  appli- 
cation. 

Joseph  John  Thomson,  Knight,  D.Sc,  LL.D.,  for  distinguished  lead- 
ing and  directive  work  in  the  advancement  of  our  knowledge  of  the 
physical  sciences. 

Ernest  Rutherford,  Sc.D.,  LL.D.,  for  distinguished  leading  and 
directive  work  in  the  advancement  of  our  knowledge  of  electrical 
theory. 

Harvey  W.  Wiley,  Ph.D.,  LL.D.,  for  distinguished  leading  and 
directive  work  in  the  field  of  agricultural  and  physiological  chemistry. 

John  A.  Brashear,  Sc.D.,  LL.D.,  for  distinguished  leading  and  direc- 
tive work  in  the  production  and  perfection  of  instruments  for  astro- 
nomical research. 

John  Fritz  for  distinguished  leading  and  directive  work  in  the  ad- 
vancement of  the  iron  and  steel  industries. 

Robert  A.  Hadfield,  Knight,  for  distinguished  leading  and  directive 
work  in  the  advancement  of  our  knowledge  of  metallurgical  science. 
The  Howard  N.  Potts  Medal  to: 

W.  W.  Coblentz,  Ph.D.,  for  his  paper  on  "  The  Reflecting  Power  of 
Metals." 
The  Edward  Longstreth  Medal  of  Merit  to : 

Charles  A.  Bennett  for  his  Typewriter. 

James  A.  P.  Crisfield  for  his  Apparatus  for  Determining  Moisture 
in  Fuels. 

Charles   F.   Roper  for  his    Safety   Propeller. 
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Edward  P.  Hyde,  Ph.D.,  for  his  paper  on  "  The  Physical  Production 
of  Light." 

Joseph    Samuel   Hepburn,   A.M.,   M.S.,   for   his   paper   on   "  Recent 
Progress  in  the  Chemistry  of  the  Sugars." 

Morton  G.  Lloyd,  E.E.,  Ph.D.,  for  his  paper  on  "  Magnetic  Hyste- 
resis." 

Walter  V.  Turner  for  his  paper  on  "  The  Air  Brake  as  Related  to 
Progress  in  Locomotives." 
The  Certificate  of  Merit  to : 

Robert  N.  Baylis  for  his  Brush  Holder  for  Dynamos. 

Charles  J.  Branch  for  his  Asbestos-Gleam  Shades  and  Reflectors. 

H.  W.  Hardinge  for  his  Conical  Pebble  Mill. 
The  John  Scott  Legacy  Medal  and  Premium  to: 

D.  McFarlan  Moore  for  the  "  Moore  Light." 

Axel  Welin  for  his  Quadrant  Davit. 

Albert  F.  Shore  for  his  Scleroscope. 

Edward  Allen  Colby  for  his  Induction  Electric  Furnace. 

Bernard  Arthur  Behrend  for  his  High-Speed  Electric  Generators. 


COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

{Abstract  of  Proceedings  of  the  Stated  Meeting  held   Wednesday, 
January  3,  1912.) 

Hall  of  the  Franklin  Institute, 
Philadelphia,  January,  3,  1912. 

Dr.  George  A.  Hoadley  in  the  Chair. 

The  following  report  was  presented  for  final  action : 

No.  2506. — Sherardizing  Metallic   Surfaces.     Action   deferred. 

For  first  reading: 

No.  2466. — Tantalum  Wave — Detector. 

R.  B.  Owens, 
Secretary. 


SECTIONS. 


Section  of  Physics  and  Chemistry. — The  stated  meeting  was  held  in 
the  Hall  of  the  Institute  on  Thursday,  January  4,  1912,  at  8  p.m.,  with  Mr. 
Louis  E.  Levy  in  the  chair.  Seventy  members  and  visitors  were  present. 
The  minutes  of  the  previous  meeting  were  read  and  approved. 

Mr.  Henry  A.  Gardner,  Assistant  Director  of  the  Institute  of  Industrial 
Research,  Washington,  D.  C,  delivered  an  address  on  "  Some  Industrial 
Research  Problems  of  Public  Importance,"  in  the  course  of  which  he 
described  the  various  researches  conducted  by  the  Institute  of  Industrial 
Research,   including  the   manufacture   of  paints,   the   corrosion   of  iron   and 
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of  fence-wire,  the  use  of  tanks  of  Portland  cement  as  containers  for  corro- 
sive liquids ;  the  canning  of  vegetables.  The  lecture  was  illustrated  by- 
means  of  lantern  slides.  The  paper  was  discussed,  a  vote  of  thanks  was 
extended  to  Mr.  Gardner,  and  the  meeting  adjourned. 

Joseph  S.  Hepburn, 
Secretary. 


MEMBERSHIP  NOTES. 
Elections  to  Membership. 

RESIDENT. 

Mr.  Milton  Kutz,  262  South  Fifty-seventh  St.,  Philadelphia. 

NON-RESIDENT. 

Mr.  Wilford  Reno,  Otis  Elevator  Co.,  17  Battery  Place,  New  York  City. 
Mr.  Angus  Sinclair,  114  Liberty  St.,  New  York  City. 

Changes  of  Address. 

Prqf.  George  Forbes,  ii  Little  College  St.,  Westminster  S.  W.,  London. 

Mr.  J.  McGowAN,  Jr.,  The  Robeson,  Camden,  N.  J. 

Sir  Robert  A.  Hadfield,  22  Carlton  House  Terrace,  London,  S.  W.,  England. 

Mr.  Harold  C.  Heilman,  no  Harvey  St.,  Philadelphia. 

Mr.  T.  Broom  Belfield,  2841  Diamond  St.,  Philadelphia. 

Mr.  H.  Clyde  Snook,  12 10  Race  St.,  Philadelphia. 

Mr.  a.  G.  Peterkin,  Jr.,  1653  Pratt  St.,  Frankford,  Philadelphia. 

Mr.  C.  L.  Matthews,  503  Carpenter  St.,  Germantown,  Philadelphia. 

Mr.  Calvin  F.  Crowell,  113  North  Front  St.,  Philadelphia. 

Mr.  Samuel  M.  Felton,  1121  Peoples  Gas  Building,  Chicago,  111. 

Mr.  J.  Stanford  Brown,  Farview  P.  O.,  Black  Hall,  Conn. 

Mr.  George  R.  Wood,  Arcade  Building,  Philadelphia. 

Mr.  Daniel  M.  Luehrs,  282  Park  View  Ave.,  Detroit,  Mich. 

Mr.  George  C.  Reese,  Darby,  Delaware  Co.,  Pa. 


NECROLOGY. 

Mr.  R.  H.  Krischker,  5100  Hazel  Avenue,  Philadelphia,  died  at  Wild- 
wood  Crest,  N.  J.     Mr.  Krischker  was  born  in  Glogau,  Silesia,  Germany. 

When  quite  a  youth  he  was  apprenticed  to  a  watchmaker,  studying  this 
trade  as  well  as  that  of  jeweller  and  optician.  When  fifteen  years  of  age 
he  came  to  the  United  States,  and  in  the  course  of  a  few  years  opened  a 
place  of  business  at  145  North  Ninth  Street,  Philadelphia,  where  he  con- 
tinued for  twenty-nine  years. 

He  retired  from  active  business  about  nine  years  ago.  A  widow 
survives  him. 

His  connection  with  the  Institute  dates  from  October  23,  1894,  when  he 
became  a  life  member. 
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LIBRARY  NOTES. 

Purchases. 

vVho's  Who.     An  annual  biographical  dictionary,  1910. 

Marburg,   E. — Framed   Structures   and   Girders.    Vol.   I. 

Gerhard,  W.   P. — The   Sanitation,  Water   Supply,   and   Sewage  Disposal   of 

Country  Houses. 
Emerson,  H.— Twelve   Principles  of  Efficiency. 
Minerva,  Jahrbuch   der  Gelehrten  Welt.     Vol.   21.      1911-1912. 
Raffy,  L. — Legons  sur  les  Applications  geometriques  de  L'analyse. 
Goursat,  E. — Cours  D'analyse  mathematique.     2  volumes. 
CEuvres  de  Pierre  Curie. 

Hiitte,  des  ingenieurs  taschenbuch.     3  volumes.     21st  edition. 
Biles,  J.  H. — The  Design  and  Construction  of  Ships.     2  volumes. 
McDermaid,  N.  J. — Shipyard  Practice  as  Applied  to  Warship  Construction. 
Taylor,  D.  W. — The  Speed  and  Power  of  Ships.    2  volumes. 
FoucAULT,   L. — Recueil   des  travux  scientifiques.     2  volumes. 
Bauer,  G.,  and  O.  Lasche. — Marine  Steam  Turbines. 
Hallwachs,    W.,   and    others,   editors. — Gesammelte   Abhandlungen   von    F. 

Kohlrausch.    2  volumes. 
Lane,  M. — Das  Relativitatsprinzip. 
Hefter,  G. — Technologic  der  Fette  und  Oele.    Vol.  3. 
Huebl,  a.  F.  von. — Die  photographischen  Lichtfilter. 
Rafter,  G.  W.,  and  M.  M.  Baker. — Sewage  Disposal  in  the  United  States. 
Autobiography  of  John  Fritz. 

Gifts. 

Baladaque  da  Silva,  A.  A. — Le  Probleme  de  la  Vie.  Lisbon,  191 1.  (From  the 
Author.) 

U.  S.  Commissioner  of  Internal  Revenue,  Annual  Report  for  191 1.  Wash- 
ington, 1911.     (From  the  Commissioner.) 

American  Mining  Congress,  Report  of  the  Proceedings,  14th  Annual  Session, 
October  24-28,  1911,  Chicago,  111.     Denver,  1911.     (From  the  Congress.) 

Staffordshire  Iron  and  Steel  Institute,  Proceedings.  Vol.  26,  Session,  1910-11. 
Stourbridge,    191 1.     (P'rom  the   Institute.) 

Massachusetts  State  Board  of  Health,  Annual  Report,  1910.  Boston,  191 1. 
(From  the  State  Board.) 

Canada  Department  of  Customs,  Report  for  year  ended  March,  191 1. 
Ottawa,  191 1.     (From  the  Department.) 

Australia  Bureau  of  Census  and  Statistics — Shipping  and  Oversea  Migra- 
tion for  1910,  Trade  and  Customs  and  Excise  Revenue  for  1910.  Mel- 
bourne, 191 1.     (From  the  Bureau.) 

Pennsylvania  Water  Supply  Commission,  Annual  Report,  1910.  Harrisburg, 
191 1.     (From  Mr.  John  Birkinbine.) 

Lake  Superior  Mining  Institute,  Proceedings  of  the  i6th  Annual  Meeting, 
August  22-24,  1911-     Ishpeming,  191 1.     (From  the  Institute.) 
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Smithsonian  Institution,  Annual  Report  for  1910.     Washington,  D.  C,  191 1. 

(From  the  Institution.) 
Railway  Signal  Association,  Proceedings  of  the  Annual  Convention,  October, 

10-12,  1911.     Bethlehem,  1911.     (From  the  Association.) 
American  Railway  Master  Mechanics'   Association,  Proceedings  of  the  44th 

Annual  Convention,  June  14-16,  1911.     Chicago,  1911.     (From  the  Asso- 
ciation.) 
Iowa  Railroad   Commissioners,  33d  Annual  Report  for   1910.     Des   Moines, 

1910.     (From   the    Commissioner.) 
New  York  Public  Service  Commission,  Proceedings,  Vol.  5,  1910.     No  place, 

no  date.     (From  the   Commission.) 
Fritz,  John,   Autobiography.     New   York,    1912.      (From  the  Author.) 
Institution  of  Civil   Engineers,   Minutes  of   Proceedings,  Vol.    186,    1910-11. 

Part  4.     London,  191 1.     (From  the  Institution.) 
Memorial  Addresses  on  the  Life  and  Character  of  Joel  Cook,  delivered  in 

the  House  of  Representatives,  January  22,  191 1,  and  the  Senate,  December 

15,  1910.     Washington,  1911.     (From  Hon.  J.  Hampton  Moore.) 
Association    Francaise    pour    L'Advancement    des    Sciences,    Compte    Rendu 

de  la  39  Session,  Toulouse,  1910.     Paris,  191 1.     (From  the  Association.) 
Reale    Instituto    d'Incoraggiamento    di    Napoli,    Atti    del,    1910.      Vol.    52. 

Napoli,  191 1.     (From  the  Institute.) 
Harvard    University,    Catalogue    1911-12.      Cambridge,    1911.       (From    the 

L^niversity.) 
Canal  Record,  Vols,  i  to  4,  September  4,  1907,  to  August  23,  191 1.     Ancon, 

1908-1911.     (From  the   Secretary  of  the  Isthmian   Canal   Commission.) 
U.   S.  Navy  Department,  Report  of  the  Secretary  of    the    Navy    for    191 1. 

Washington,    1911.     (From   the  Department.) 
Memorial  Addresses  on  the  Life  and  Character  of  Wm.W.  Foulkrod,  delivered 

in  the  House  of  Representatives,  January  22,   191 1,  and  in  the  Senate, 

December  6,  1910.     Washington,  1911.     (From  Hon.  J.  Hampton  Moore.) 


CORRESPONDENCE. 

Rose  Polytechnic  Institute,  Department  of  Chemical 
Engineering. 

John  White,  Director.  Terre  Haute,  Ind.,  December  22,  1911. 

THE  DETERMINATION  OF  MOISTURE  IN  FUELS. 

To  the  Editor  Journal  of  the  Franklin  Institute, 

Philadelphia,  Pa. 
Dear  Sir: 

In  the  November  number  of  the  Journal  of  the  Franklin  Institute, 
Page  495,  there  appeared  an  article  by  J.  A.  P.  Crisfield,  bearing  the  above 
title,  in  which  the  author  describes  his  "  Moisture  Determinator,"  designed 
for  use  in  determining  the  moisture  in  fuels. 
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The  principles  upon  which  the  construction  and  action  of  Mr.  Cris- 
field's  "  Determinator  "  are  based  are  similar  to  those  which  we  have  made 
use  of  for  the  past  two  years  in  this  laboratory,  and  which  were  described 
by  us  in  a  paper  read  before  the  Division  of  Industrial  Chemists  and 
Chemical  Engineers  at  the  Minneapolis  meeting  of  the  American  Chemical 
Society  in  1910.  The  paper  has  never  been  published,  and  a  brief  descrip- 
tion of  the  apparatus  and  method  is  given  below. 

The  apparatus  is  illustrated  in  the  accompanying  figure,  and  was  adapted 
from  that  described  by  Delbridge  (American  Chemical  Journal^  41,  403, 
1909).  In  the  figure,  A,  the  boiling  flask,  is  a  wide-mouth  fiask  of  about 
500  C.c.  capacity,  carrying  a  two-hole  stopper,  through  which  it  is  con- 
nected, as  shown,  with  a  reflux  condenser  D  and  with  the  drying  apparatus 
B.  This  consists  of  a  simple  form  of  condenser,  with  the  two  side  tubes 
on  the  same  side  of  the  jacket.     The  inner  tube  C  should  be  about  20  mm. 


wide  and  approximately  350  mm.  in  length,  and  should  not  project  beyond 
the  jacket  more  than  5  cm.  at  the  ends. 

To  carry  out  the  determination,  a  weighted  sample  of  material,  con- 
tained in  a  boat  F  of  suitable  size  (we  use  one  of  aluminum  or  porcelain), 
is  placed  in  the  inner  tube  C.  Flask  A,  which  should  contain  some  pieces 
of  pumice  or  broken  porcelain  to  aid  the  boiling,  is  half  filled  with  a  suitable 
boiling  liquid  (for  fuels  we  use  xylene),  the  vapors  of  which  pass  through 
the  jacket  surrounding  the  tube  containing  the  fuel,  thence  into  the  reflux 
condenser,  where  they  are  condensed  and  run  back  into  the  flask.  For  fuels 
we  pass  through  the  tube  C  a  dry,  non-oxidizing  atmosphere,  such  as  carbon 
dioxide  or  nitrogen,  the  direction  of  passage  being  indicated  by  the  arrows. 

The  moisture  can  be  determined  either  by  absorption  in  a  suitable  drying 
agent,  or  by  loss  of  weight.  We  have  demonstrated  that,  at  the  tempera- 
ture used,   I40°C.,  the  loss  of  volatile  matter  is  negligible. 

Remarkably  concordant  results  can  easily  be  obtained  with  the  apparatus, 
provided  that  the  fuel  is  crushed  to  a  suitable  size,  one-eighth  inch  or  less. 
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Using  xylene  the  time  required  for  a  determination  is  from  twenty  to  thirty 
minutes,  and  if  the  estimation  of  the  moisture  is  made  by  the  loss  in  weight 
several  boats  can  be  placed  in  the  apparatus  at  once,  thus  still  further  reducing 
the  time  of  a  determination. 

Regarding  the  importance  of  a  correct  determination  of  the  moisture 
in  fuels,  and  the  difficulties  attached  thereto,  as  pointed  out  by  Mr.  Cris- 
field,  there  can  be  no  difference  in  opinion.  It  is  equally  certain  that  the 
old  laboratory  method,  as  recommended  by  the  committee  of  the  American 
Chemical  Society  in  1899,  for  a  variety  of  reasons,  does  not  yield  correct 
results,  being  invariably  too  low.  Hence  the  need  of  better  apparatus  for 
such  determinations. 

Signed, 

John  White. 


BOOK  NOTICES. 

Photograms  of  the  Year   1911-12.     Typical  photographic  pictures   of  the 

year  reproduced  and  criticised.    Edited  by  H.  Snowden  Ward,  F.R.P.S. 

154  pages  ;    about  100  illustrations  ;    7  x  10  inches.     Paper  covers,  $1.25  ; 

cloth,  gilt,  $1.75.     American  agents,  Tennant  &  Ward,  New  York. 

The  present  volume  shows  considerable  changes  over  past  issues  of  the 
series.  The  text,  as  always,  is  made  up  of  an  extended,  descriptive  critique, 
by  the  editor,  of  the  pictures  reproduced.  This  critique  gives  a  survey  of 
pictures  with  helpful  criticism  designed  to  broaden  the  outlook  of  the 
pictorial  worker  and  aid  him  in  his  picture-making  with  the  camera.  The 
pictures  criticised  represent  a  variety  of  schools,  and  comprise  examples 
of  the  work  of  most  of  the  leading  pictorialists  through  Europe  and 
America.  On  other  pages  the  progress  of  pictorial  photography  in  France, 
South  Africa,  Germany,  and  Australia  is  summarized  by  well-known  pictorial 
workers  in  those  countries. 

The  number  of  pictures  reproduced  is  somewhat  smaller  than  in  past 
years.  This  change,  it  is  stated,  was  made  in  order  to  give  full-page  illustra- 
tions in  every  case,  as  more  satisfactory  alike  to  photographers  and  readers. 
The  illustrations  are  printed  in  black-and-white  and  in  sepia,  some  illustra- 
tions in  three  colors  reproduced  from  autochromes,  and  a  hand-made  photo- 
gravure frontispiece  by  J.  Craig  Annan.  The  quality  of  the  reproductions 
and  printing  is  unusually  good. 


PUBLICATIONS  RECEIVED. 

Photograyns  of  the  Year.  Typical  photographic  pictures  reproduced  and 
criticised,  edited  by  H.  Snowden  Ward,  F.R.P.S.  1911-1912.  154  pages, 
illustrations,  plates,  quarto.  London,  George  Routledge  &  Sons ;  New  York, 
Tennant  &   Ward.     Price,   in  paper,  $1.25. 

Penrose's  Pictorial  Annual.  The  Process  year  book,  edited  by  William 
Vol.  CLXXIII,   No.   1034—15 
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Gamble,  1911-1912,  vol.  17.  224  pages,  illustrations,  portraits,  plates,  quarto. 
London,  Penrose  &  Co. ;  New  York,  Tennant  &  Ward.     Price,  cloth,  $2.50. 

United  States  Geological  Survey.  Mineral  products  of  the  United  States 
calendars  years  1901  to  1910  (sheet).     Washington,  U.  S.  Government,  1911. 

Cocoa  and  Chocolate:  Their  chemistry  and  manufacture,  by  R.  Whym- 
per.  327  pages,  illustrations,  plates,  quarto.  Philadelphia,  P.  Blakiston's 
Son  &  Co.,    1912.     Price,   in  cloth,  $5  net. 

Photography  Outdoors.  Practical  suggestions  in  simple  language,  telling 
the  beginner  about  the  equipment  required,  the  choice  and  treatment  of  many 
kinds  of  subjects,  and  how  to  make  pictures.  64  pages,  i2mo.  New  York, 
Tennant  &  Ward,  n.   d.     Price,  in  paper,  25  cents. 

Photography  at  Home.  A  Handbook  to  the  Use  of  the  Camera  in  the 
Home  for  Pleasure  and  Profit;  with  working  methods  and  reliable  formulae. 
64  pages,  i2mo.  New  York,  Tennant  &  Ward,  n.  d.  Price,  in  paper,  25 
cents. 


FRANKLIN  INSTITUTE'S  GOOD  YEAR. 

Few  American  institutions  have  been  of  greater  service  in 
developing  the  material  growth  and  prosperity  of  the  American 
people  than  the  Franklin  Institute  in  this  city,  although  its  merits 
are  seldom  appreciated.  It  has  stimulated  and  otherwise  encouraged 
invention  in  a  most  practical  manner.  Its  medals  are  among  the 
most  desired  of  all  rewards  which  an  inventor  may  achieve,  because 
they  are  based  on  originality  and  service  to  mankind. 

For  many  years  the  institution  was  so  neglected  that  a  few 
men  kept  it  going  to  prevent  at  least  a  curtailment  of  its  many 
efficiencies.  Now  it  has  passed  into  the  prosperous  stage,  and  in 
the  last  year  it  has  received  additional  bequests,  so  that  the  long- 
cherished  project  of  a  new  building  on  the  Parkway  seems  certain 
of  achievement  in  the  near  future.  Not  only  is  the  building  fund 
constantly  growing  larger,  but  the  maintenance  fund  is  increasing. 
Perhaps  nowhere  in  the  world  will  be  found  such  a  library,  such 
a  school,  or  such  other  opportunities  for  the  study  of  applied 
mechanics. 

Some  one  has  said  that  a  study  of  the  newspapers  published  in 
the  whole  world  in  the  last  half  of  the  eighteenth  century  disclosed 
that  Franklin's  name  was  mentioned  more  times  than  that  of  any 
other  individual.  This  is  a  notable  tribute  to  the  versatility  of 
the  great  Philadelphian.  His  claims  to  public  gratitude  are  num- 
berless, but  certainly  the  institute  which  bears  his  name  and  which 
is  his  legitimate  child  is  one  of  the  things  which  we  ought  to  be 
proud  of,  because  it  is  continuing  that  creative  work  which 
Franklin  himself  ever  stimulated.  As  this  city  owes  much  of  its 
prosperity  to  the  progress  of  invention,  it  may  fairly  be  assumed 
that  when  the  time  comes  to  begin  actual  construction  there  will 
be  no  lack  of  funds  to  make  the  new  building  commensurate  with 
the  needs  of  the  institution  and,  as  well,  an  ornament  to  the  Park- 
way.— Editorial,  Philadelphia  Inquirer,  January  22,   191 2. 


CURRENT  TOPICS 


Diamonds  at  High  Temperatures.  Anon.  (Eng.,  xcii,  2381, 
236.) — Cornelio  Doelter,  who  has  been  investigating  the  electrolytic 
or  electronic  conductivity  of  solids,  salts,  and  minerals,  etc.,  has 
determined  the  conductivity  of  diamonds  between  880°  C.  and 
I290°C.  in  an  atmosphere  of  hydrogen  or  of  nitrogen.  The  specimen 
was  a  plate  i  square  centimetre  in  area  and  i  millimetre  in  thickness. 
The  resistance  was  58,800  ohms  at  950°  C,  but  fell  to  370  ohms  at 
1220° C,  it  rose  to  930  ohms  at  1260° C,  and  fell  once  more  to  590 
ohms  at  the  maximum  temperature  applied,  I290°C.  Similar 
phenomena  had  been  observed  in  quartz,  and  they  are  not  suggestive 
of  a  really  uniform  substance ;  in  the  case  of  quartz  some  electrolytic 
effect  would  be  possible.  In  other  experiments,  Doelter  heated 
diamonds  in  hydrogen,  nitrogen,  chlorine,  and  carbon  dioxide  up 
to  I550°C.  and  failed  to  observe  any  conversion  of  diamond  into 
graphite;  there  was  some  brownish-black  discoloration,  probably 
due  to  amorphous  carbon,  but  no  formation  of  graphite,  as  has  been 
often  assumed. 

Mixtures  of  Cement  and  Hydraulic  Materials  for  Floors  of 

Wet  Cellars.  ScHACKE.  {Allgein.  Zeits.  fur  Bicrhrauerie  und 
Malsfabrik,  xxxix,  499.) — Cement  is  unsuitable  for  floors  of  cellars 
which  are  exposed  to  the  saline  or  acid  liquors  of  beer  and  yeast 
residues.  Asphalt  and  similar  mastics  also  fail  to  withstand  this 
action.  It  is  found  that  a  mixture  of  cement,  trass,  and  sand  is 
suitable ;  but  a  cheaper  material  is  recommended,  composed  of  i 
part  of  cement,  2  of  sand,  and  2  of  leucitophyr,  a  phonolite  which 
appears  commercially  as  artificial  potash  fertilizer  at  a  price  of  2  M. 
per  75  kilos.  (50c  per  165  pounds).  It  contains  17.5  per  cent,  of 
alkalies,  as  compared  to  10.5  per  cent,  in  trass. 

Nickel-Zinc  Alloys.  E.  Vigouroux  and  A.  Bourbon.  {Biill. 
Soc.  Chim.,  ix,  873.) — Besides  the  compound,  NiZug,  already  known, 
two  new  compounds  of  nickel  and  zinc  are  shown  to  exist,  viz. : 
NiZn^  and  NigZn.  The  NiZn^  compound  has  been  isolated  as  a 
crystalline,  non-magnetic  powder,  with  a  specific  gravity  of  7.71. 
Its  melting  point  is  about  850°  C. 

Prohibition  of  the  Importing  of  Chemicals  for  the  Production 
of  Explosives  into  Turkey.  Anon.  {Board  of  Trade  J.,  Nov. 
2,  191 1.) — The  prohibition  will  apply  to  the  following  articles: 
potassium  chlorate,   sodium   chlorate,    potassium    nitrate,    sodium 
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nitrate,  picrates,  nitroglycerin,  guncotton;  but  if  these  articles  are 
destined  for  industrial  or  agricultural  uses,  they  will  be  delivered 
to  the  consignees,  with  the  authorization  of  the  "Grand  Maltrise 
d' Artillcrie ,"  in  quantities  which  will  be  fixed  prior  to  importation 
for  each  importer,  by  the  Ministers  of  Public  Works  and  Agricul- 
ture, respectively. 

On  the  Metallography  of  the  Selenium-Antimony  Systems. 

H.  Pelaeon.  {Mon.  Sci.,  839,  767.) — The  microscope  examina- 
tion of  selenium-antimony  mixtures  leads  to  the  following  con- 
clusions, which  are  analogous  to  those  deduced  from  the  determina- 
tion of  their  curves  of  fusibility:  (i)  For  certain  proportions  of 
the  two  constituents,  the  liquid  mixture  can  be  produced  in  two 
phases  of  closely  approximating  densities;  (2)  the  only  compound 
that  can  be  obtained  by  direct  fusion  of  the  elements  is  the  selenide 
SboSeg. 

Salt  Deposits  of  Ontario.  Anon.  {Board  of  Trade  J.,  Nov. 
2,  191 1.  From  the  annual  report  of  the  Provincial  Bureau  of 
Mines.) — Salt  is  known  to  occur  in  that  part  of  Ontario  which  Hes 
entirely  in  the  southwestern  peninsula  bordering  Lake  Huron,  the 
St.  Clair  River,  Lake  St.  Clair,  and  the  Detroit  River.  Such 
exploratory  boring  as  has  been  done  indicates  that  there  are  a 
number  of  separate  relatively  small  basins.  The  beds  range  from 
mere  seams  to  formations  200  feet  or  more  in  thickness.  The  supply 
of  salt  in  Ontario  is  practically  inexhaustible.  The  bulk  of- the  salt 
manufactured  is  used  in  Ontario.  The  quantity  of  salt  produced 
in  1910  was  84,071  tons,  valued  at  $414,978,  as  compared  with 
77,490  tons,  valued  at  $389,573,  in  1909. 

Proposed  United  States  Experimental  Ore-Testing  Station. 

Anon.  {Eng.  and  Mining  World,  Nov.  4,  191 1.) — The  American 
Mining  Congress  has  sent  a  memorial  to  the  United  States  Congress 
asking  for  the  establishment,  under  the  direction  of  the  Bureau  of 
Mines,  of  a  metallurgical  experimental  ore-testing  station,  where 
methods  for  extracting  metal  from  low-grade  ores  can  be  devised 
and  tested. 

Upon  the  Mass  of  Gaseous  Ions.  W.  Duane.  {Mon.  Sci., 
839,  766.) — There  is  a  great  difference  in  the  efifects  of  the  magnetic 
field  on  the  positive  and  the  negative  current  of  the  ions.  No  effect 
of  the  magnetic  field,  even  up  to  2,800  gauss,  has  been  observed 
on  the  positive  ions  in  the  atmosphere,  when  the  electric  field  was 
above  25  volts  per  centimetre.  These  results  can  be  explained  by 
admitting  that  the  negative  ions  at  low  pressure  are,  to  a  great 
extent,  produced  by  the  atoms  of  hydrogen  and  the  molecules  of 
nitrogen  (or  of  oxygen)  in  the  air,  and  in  hydrogen  charged  with 
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one  or  two  elementary  charges.  The  fact  that  the  positive  currents 
are  not  completely  suppressed  by  the  magnetic  field  indicates  either 
that  their  free  course  is  not  sufficiently  long  or  that  it  consists 
entirely  of  large  ions.  The  fact  that  the  negative  current  is 
sensibly  suppressed  by  a  weak  magnetic  field  indicates  that  nega- 
tive ions  of  molecular  dimensions  exist  only  at  low  pressure ;  that 
is  to  say,  that  negative  ions  are  not  created  by  the  division  of  the 
molecules  by  the  removal  of  the  positive  ions.  The  fact  that  under 
the  influence  of  a  magnetic  field  of  25  volts  per  centimetre  this 
magnetic  field  constantly  diminishes  the  positive  current  in  hydrogen, 
but  not  in  air,  indicates  that  the  positive  ions  in  hydrogen  are  much 
smaller  than  those  in  air,  and  that  the  air  does  not  contain  a  sensible 
quantity  of  positive  ions  of  the  same  order  of  greatness  (size)  as 
the  particles  or  ions  of  hydrogen,  but  very  much  smaller.  These 
conclusions  are  opposed  to  the  hypothesis  of  the  existence  of  posi- 
tive electron?  und^r  the  conditions  of  these  experiments. 

The  "Chromoscope."  L.  Arons.  {Electro-tcchn.  Zeit., 
xxxii,  729.) — This  apparatus  is  intended  for  analyzing  and  repro- 
ducing the  tints  of  colored  surfaces  and  comparing  different 
illuminants.  The  light  from  the  surface  under  examination  is  caused 
to  pass  through  a  pair  of  Nicol  prisms,  which  can  change  its 
intensity,  and  subsequently  to  illuminate  the  annulus  of  a  Lummer- 
Brodhun  prism.  The  light  from  the  other  source,  such  as  daylight, 
illuminates  the  centre  of  the  field,  the  color  being  adjustable  by 
another  pair  of  Nicols  and  a  quartz  plate  of  any  desired  thickness. 
The  observer  looks  through  the  eye-piece  and  secures  a  balance  of 
both  color  and  brightness  and  observes  the  amount  of  rotation  of 
the  analyzers  necessary  to  attain  this  condition.  In  this  way  a 
wide  variety  of  tints  can  be  produced.  It  is  suggested  that  the 
mixed  colors  produced  in  this  arrangement  are  desirable  from  a 
practical  standpoint,  as  only  tints  of  this  character  are  met  with 
under  ordinary  conditions. 

Boiler  Control:  the  Most  Economical  Amount  of  COj.  A. 
Bement.  (Pozver,  xxxiv,  439.) — The  highest  efficiency  in  steam 
generation  is  always  indicated  by  the  highest  COo.  If  it  is  not, 
there  is  some  counteracting  influence  at  work,  because  the  higher 
the  CO2  the  higher  the  temperature  of  combustion,  and  the  higher 
the  temperature  the  greater  the  efficiency.  In  many  furnaces  and 
with  many  methods  of  firing  there  is  often  a  more  or  less  serious 
loss  of  undeveloped  heat  in  hydrocarbons  which  escape  unburned. 
In  a  furnace  of  perfect  mixing  capacity  the  theoretical  CO,  may 
be  realized.  Neither  high  COo  nor  complete  combustion  is  attainable 
with  irregular  firing  or  bad  stoker  action.  The  chief  difficulty  is 
that  the  only  feature  to  which  much  attention  has  been  paid  is  the 
significance  of  COo  in  its  relation  to  excessive  air  supply.     The  other 
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feature,  almost  equally  important,  excessive  or  irregular  fuel  supply, 
is  neither  understood  nor  properly  appreciated.  There  are  four 
guiding  principles  in  the  use  of  CO2  determinations:  (i)  If 
CO2  increases  after  the  supply  of  fuel,  or  the  reduction  of  draught, 
it  shows  that  there  has  been  an  excess  of  air.  (2)  If  CO2  falls 
after  the  supply  of  fuel,  it  shows  incomplete  combustion.  (3)  If 
the  percentage  of  CO2  is  irregular,  it  indicates  an  irregular  condi- 
tion of  combustion,  (4)  Assuming  constant  or  uniform  conditions 
of  combustion,  it  is  an  indication  of  a  deficiency  of  the  furnace  in 
its  power  to  secure  a  good  mixture  of  the  gases,  if  it  is  impossible 
to  reahze  a  high  CO,  content. 

Mill  Lighting.  G.  H.  Stickney.  (Amer.  III.  Engin.  Soc. 
Trans.,  vi,  478.) — This  article  opens  with  general  remarks  on  the 
quality  of  illumination  best  suited  for  paper  mills,  textile  and  steel 
works,  etc.  For  general  illumination  an  intensity  of  ^  to  2  candle- 
feet  is  advised,  for  fine  work  in  machine  shops  3  to  6,  for  spinning 
and  carding  rooms  i  to  4.  Lamps  should  be  properly  placed  with 
regard  to  tools  so  as  to  avoid  inconvenient  shadows.  Various 
forms  of  steel  reflectors  with  enamelled  or  matte  surfaces  are  recom- 
mended. Reference  is  made  'to  the  bearing  of  illumination  on  acci- 
dent, the  benefit  of  local,  adjustable  lamps  for  special  work,  and  the 
need  for  an  illuminant  which  approaches  daylight  fairly  closely  in 
spectral  composition. 

Photo-electric  Potassium  Cells.  J.  Elster  and  H.  Geitel. 
(Phys.  Zeitschr.,  xii,  609.) — The  photo-effect  in  alkali  metals  may  be 
increased  by  making  them  the  cathode  in  a  glow  discharge  through 
low-pressure  hydrogen.  The  metals  are  then  colored  green  or  blue, 
except  sodium,  which  becomes  brown.  The  cells  so  prepared  show 
a  gradual  increase  in  the  vacuum  and  the  color  fades.  The  fading 
is  apparently  due  to  the  production  of  a  colorless  hydride,  which 
also  accounts  for  the  absorption  of  the  hydrogen.  Cells  of  greater 
permanency,  suitable  for  photometry,  may  be  obtained  by  filling 
them  with  argon  or  helium.  (Detailed  instructions  are  given  on 
this  procedure.)  A  glow  discharge  through  these  gases  does  not 
color  the  alkali  metals. 

Diminution  in  the  Intensity  of  the  Ultra-violet  Rays  From 
Quartz-tube  Mercury  Lamps.  J.  Courmont  and  C.  Nogier. 
(Comptes  Rend.,  clii,  1746.) — Quartz-tube  mercury  vapor  lamps, 
working  at  a  high  temperature,  give  a  spectrum  very  rich  in  ultra- 
violet rays.  But  this  notably  diminishes  with  time.  Spectro- 
metric  investigations  show  that  after  a  few  months  the  spectrum 
is  less  intense,  and  the  chemical  action  on  potassium  ferrocyanide 
paper,  the  power  of  destroying  bacteria,  and  the  influence  on  the 
skin  become  less  marked.     This  decrease  in  power  appears  to  be 
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due  to  the  gradual  production  of  a  gray  deposit  on  the  inside  of 
the  tube,  which  is  possibly  mercury  silicate.  Or  it  may  be  due  to 
a  change  in  the  gaseous  composition  in  the  tube.  Observation 
suggests  that  it  is  mainly  due  to  the  high  temperature,  and  that  it 
might  be  beneficial  to  cool  the  lamps  while  in  action. 

Development  of  Photographic  Images  After  Fixing.     A.  and 

L.  LuMiERE  and  A.  Seyewetz.  (Coiiiptes  Rend.,  clvii,  102.)  — 
Neuhauss  has  shown  that  it  is  possible  to  develop  the  latent  photo- 
graphic images  upon  gelatino-silver  bromide  plates,  after  these  have 
been  fixed  in  sodium  hyposulphite.  It  is,  however,  only  when  the 
plate  has  been  exposed  twenty  times  the  normal  time  required  by 
ordinary  development  methods  that  his  method  can  be  employed. 
It  is  shown  that  a  two  per  cent,  solution  of  sodium  hyposulphite  is 
the  best  bath  for  fixing.  When  this  bath  is  used  slow  plates  only 
need  four  times  and  rapid  plates  six  times  the  normal  exposure. 
The  double  silver-sodium  sulphite  gives  the  best  results  as  a 
developer.  It  was  attempted  to  replace  the  silver  salts  by  other 
metals  whose  sulphites  are  soluble  in  an  excess  of  sodium  sulphite. 
Mercury  alone  gives  interesting  results.  Under  certain  conditions 
mercury  salts  are  preferable  to  silver  salts,  because  they  give  less 
dichroic  and  more  opaque  images. 

Internal  Pressure  of  Gases,  and  Law  of  Molecular 
Attraction.  A.  Leduc.  {Comptes  Rend.,  cliii,  179.) — Calculating 
from  established  formulas,  it  is  shown  that  the  internal  pressure 
of  SO2  diminishes  with  rise  of  temperature,  rendering  the  equations 
of  Van  der  Waals,  Clausius,  and  Sarrau  incorrect.  At  corre- 
sponding temperatures,  and  for  gases  of  the  same  molecular  con- 
struction, the  mutual  attraction  between  two  molecules  of  the  same 
gas  is  found  to  be  proportional  to  the  square  of  their  mass,  and 
inversely  proportional  to  the  fourth  power  of  their  distance  apart. 

To  Etch  Names,  Figures,  etc.,  on  Steel.  E.  (Elektrochem. 
Zeit.,  xviii,  145.) — The  surface  is  first  covered  with  a  carefully-pre- 
pared mixture  of  two  parts  of  powdered  asphalt,  one  part  rosin, 
one  and  one-half  parts  wax,  and  a  little  tallow.  Of  this  a  very  thin 
coating  is  put  on  the  surface  to  be  etched,  and  after  inscribing  the 
design  the  etching  is  done  by  nitric  acid,  acetic  acid,  or  tartaric  acid. 

.  The  Cedford  Gas  Process.  E.  Erdmann.  (/.  Gasbeleucht., 
liv,  737.) — This  is  the  production  of  methane  from  carbon  monoxide 
and  hydrogen  on  a  commercial  scale.  Carefully  purified,  dry  water- 
gas,  free  from  carbon  dioxide,  is  treated  in  a  special  Linde  apparatus. 
Here  it  is  separated  into  a  gas  rich  in  carbon  monoxide,  and  one 
containing  only  17  per  cent,  carbon  monoxide  and  81  per  cent, 
hydrogen.     This  latter  gas  is  passed  over  a  catalytic  mass  of  pumice 
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stone  covered  with  nickel,  and  heated  to  300°  C.  When  the  tem- 
perature is  below  300° C.  and  the  content  of  carbon  monoxide  below 
17  per  cent,  the  carbon  monoxide  is-  changed  quantitatively  into 
methane.  When  the  temperature  is  too  high,  carbon  dioxide  is 
formed,  and  when  the  content  of  carbon  monoxide  is  too  great, 
carbon  is  deposited.  The  first  gas,  rich  in  carbon  monoxide,  is 
used  for  fuel.  The  chief  advantages  are:  (i)  the  poisonous 
carbon  monoxide  is  removed,  making  the  gas  much  safer;  (2) 
the  heat  value  is  increased  from  2800  to  8500  calories.  The  costs 
of  the  process  are  given. 

Theories  of  Solution.  Jas.  Walker.  (Chem.  News,  civ,  104.) 
— The  author  considers  especially  the  case  of  strong  electrolytes 
and  presents  strong  evidence  in  favor  of  the  view  that  their  abnormal 
behavior  is  to  be  attributed  to  the  non-ionized  portion  rather  than  to 
the  ions.  He  says :  "  To  put  the  matter  briefly,  in  the  equilibrium 
between  electrolytes  agreement  will  be  obtained  between  theory  and 
experiment  whether  we  use  the  mass-action  law  or  an  empirical 
law  such  as  Van't  Hoff's  dilution  formula,  provided  only  that  we 
attribute  the  abnormality  to  the  non-ionized  portion  of  the  elec- 
trolyte. Thus  we  can  deduce  the  ordinary  formulas  for  hydrolysis, 
or  for  isohydric  solutions,  as  readily  for  abnormal  as  for  normal 
electrolytes,  and  find  the  most  satisfactory  agreement  with  experi- 
ment in  both  cases" 

Tool  Steel  Direct  From  the  Ore.  A.  Stansfield.  (/.  Can. 
Min.  Inst.,  xiii,  151.) — Experiments  were  made  upon  the  direct  pro- 
duction of  steel  from  magnetite  ores  containing  titanium  and  traces 
of  vanadium,  in  a  cylindrical  furnace  18  inches  high  and  14  inches 
in  diameter,  with  two  lateral,  graphite  electrodes  i  inch  square. 
The  maximum  power  used  was  200  amperes  at  no  volts.  The 
slag  and  ore  were  first  fused  by  an  arc  between  the  electrodes,  then 
the  electrodes  were  dipped  in  the  bath.  The  ore  contained  51.45 
per  cent,  iron,  7.5  per  cent,  titanium,  0.12  per  cent,  nickel,  and 
traces  of  vanadium  and  sulphur.  The  charge  was  100  parts  ore, 
20  of  limestone,  and  18  of  carbon  formed  into  briquettes  with 
molasses  and  water  in  the  proportion  of  10:16.  No  ferromanganese 
or  other  deoxidizing  agent  was  used  before  tapping,  and  sound 
ingots,  three  pounds  in  weight,  were  obtained.  This  could  not  be 
done  with  non-titaniferous  ore.  The  metal  was  tool  steel  of  good 
quality.  The  total  cost  of  ore,  coal,  limestone,  power,  and  electrodes 
is  estimated  at  2  cents  per  i  pound  of  steel. 

Simultaneous  Exposure  and  Development.  O.  Mente. 
{Atelier  Phot.,  xviii,  66.) — This  process  is  particularly  successful 
for  copying  hard  negatives  on  bromide  paper.  The  paper  is  wetted 
with  10  cubic  centimetres  rodinal,  20  cubic  centimetres  glycerol,  and 
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40  cubic  centimetres  water,  and  exposed  in  the  copying  camera 
while  wet  for  a  time  long  enough  to  print  the  shadows  of  the 
picture.  An  orange  glass  is  then  placed  before  the  lens,  which, 
with  a  sheet  of  ground  glass  to  diffuse  the  light,  enables  the 
development  to  be  observed.  When  the  shadows  are  sufBciently 
dense,  the  glasses  are  removed  and  an  additional  exposure  given 
for  the  high  lights ;  this  does  not  overexpose  the  shadows,  because 
the  already  developed  silver  image  there  screens  the  silver  bromide 
beneath. 

Utilization  of  the  Peat  Bogs  of  Canada.  Anon.  {Elec.  Rev. 
West.  Elect.,  lix,  549.) — The  peat  bogs  of  Canada  are  estimated  to 
cover  about  36,000  square  miles,  and  are  capable  of  producing 
28,000,000,000  tons  of  air-dried  peat,  equal  in  value  as  fuel  to 
14,000,000,000  tons  of  coal.  A  well-equipped  plant  at  Ottawa  for 
producing  air-dried  peat  is  described. 

Influence  of  Light  on  the  Conductivity  of  Thin  Sheets  of 
Gold  and  Silver.  S.  Pienkowski.  {Bull.  Acad.  Ray.  Belg.,  191 1, 
603.) — Light  has  no  influence  on  the  conductivity  of  transparent 
deposits  of  gold  and  silver  on  glass.  Similar  negative  results  were 
likewise  obtained  with  the  identical  gold  layer  used  by  Bronislavski, 
who  states  that  white  light  doubles  the  conductivity  of  the  deposits, 
and  blue  light  increases  it  75  per  cent. 

Aluminum  Versus  Copper.  C.  H.  Palmer.  (Elec.  Rev. 
West.  Elect.,  lix,  523.) — Considering  several  3,000  volts  trans- 
mission lines  using  aluminum  instead  of  copper,  it  is  shown  that 
hard  drawn  aluminum  and  copper  wires  will  have  the  same  con- 
ductivity if  the  former  has  .1.64  times  the  sectional  area,  and 
therefore  1.28  times  the  diameter,  of  the  latter.  By  using  aluminum, 
25  per  cent,  on  the  total  cost  of  a  transmission  line  can  be  saved. 

The  Intensity  of  the  Ultra-violet  Light  Emitted  by  an  Elec- 
trical Discharge  at  Low  Pressures.  E.  W.  B.  Gill.  (Phil.  Mag., 
xxii,  412.) — A  discharge  was  produced  in  air  contained  in  a  quartz 
tube  between  aluminum  electrodes  7.5  centimetres  apart.  The 
intensity  of  the  light  proceeding  from  different  parts  of  the  discharge 
was  estimated  by  the  rate  at  which  a  zinc  plate  lost  its  charge.  For 
pressures  exceeding  that  corresponding  to  the  minimum  spark 
potential,  the  maximum  intensity  of  light  is  near  the  anode ;  for 
pressures  less  than  this,  it  is  near  the  cathode. 

The  Molecular  Weight  of  Thorium  Emanation.  May.  S. 
Leslie.  (Compt.  Rend.,  cliii,  328.) — The  apparatus  devised  by 
Debierne  for  determining  the  molecular  weight  of  RaEm  by 
diffusion  through  a  small  opening  was  used  by  the  author,  slightly 
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modified,  to  determine  the  molecular  weight  of  the  ThEm.  After 
a  number  of  experiments,  in  which  the  rate  of  diffusion  of  the 
ThEm  was  compared  with  that  of  oxygen,  it  was  found  that  the 
ThEm's  molecular  weight  was  approximately  200. 

The  Anti-cathodes  of  X-Ray  Tubes.  J.  Schofield.  (Nature, 
Ixxxvii,  215.) — An  X-ray  tube  fitted  with  an  anti-cathode  of  car- 
borundum worked  very  successfully.  It  did  not  pass  into  the  hard 
condition  so  readily  as  tubes  fitted  with  other  more  expensive 
materials,  such  as  platinum,  tantalum,  etc. 

Flame   Arising   From    the    Nitrogen-burning    Arc.       R.    J. 

Strutt.  (Proc.  Royal  Socy.,  Ixxxva,  533.) — Recent  investigations 
have  thrown  considerable  light  on  the  processes  occurring  in  the 
nitrogen-burning  arc,  which  do  not  agree  with  the  conclusions 
arrived  at  by  other  investigators.  In  pure  gases  there  is  no  flame, 
though  the  form  of  the  arc  from  a  Ruhmkorff  coil,  supplied  with 
alternating  current  in  the  primary  circuit,  varies  in  form  with  the 
gas  employed.  With  air,  there  is  an  arc  with  a  slight  rise  in  the 
middle,  accompanied  by  a  greenish-yellow  envelope,  which  rises  to 
a  considerable  height  above  the  arc,  and  terminates  in  a  sharp  point 
like  a  candle  flame.  On  reduction  of  pressure  this  flame  expands 
until  it  fills  the  bulb  containing  the  air.  It  remains  visible  for  a 
moment  after  the  arc  has  been  switched  off.  This  greenish-yellow 
flame  is  in  no  way  distinct  from  the  "after-glow"  observed  in 
vacuum  tubes  containing  air.  The  latter  can,  by  suitable  experi- 
mental analysis,  be  proved  to  be  due  to  the  further  oxidation  of 
oxides  of  nitrogen  by  ozone.  Accordingly  it  is  concluded  that  the 
flame  arising  from  the  arc  is  due  to  the  same  cause.  The  arc 
produces  ozone  and  oxides  of  nitrogen.  These  substances  produced 
independently  unite  chemically  in  the  region  above  and  beyond  it. 

Synthetic  Sapphire.  A.  V.  L.  Verneuil.  (U.  S.  Patent 
1,004,505,  191 1.) — A  synthetic  sapphire  containing  aluminum,  iron 
and  titanium  oxides,  and  having  the  same  color,  transparency,  and 
hardness  (about  9,  diamond  being  10)  as  the  natural  sapphire,  but 
distinguishable  from  the  latter  by  having  beneath  its  surface,  and 
imbedded  in  it,  a  number  of  bubble-like  spots  bounded  by  rounded 
walls,  and  also  curved,  rift-like  streaks  or  cracks.  The  body 
portion  may  also  contain  curved  layers. 

Novel  Method  for  Removing  Rust  From  Iron  and  Steel.     H. 

Jacob  and  R.  Kaesbohrer.  (Chem.  Zeit.,  xxxv,  191 1.) — The 
iron  or  steel  from  which  the  rust  is  to  be  removed  is  made  the 
cathode  in  a  solution  of  sodium  sulphate  in  water,  containing  from 
0.25  to  5.00  per  cent.  Carbon  plates  are  used  for  the  anode.  The 
hydrogen  gas  evolved  at  the  cathode  reduces  the  rust  so  that  it  may 
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be  brushed  off,  or  removes  it  entirely.  A  weak  current  is  used  and 
the  article  allowed  to  remain  over  night  in  the  solution.  It  is  stated 
that  the  removal  of  rust  is  so  complete,  and  the  iron  or  steel  so  free 
from  attack,  that  the  method  may  be  employed  for  its  accurate 
determination. 

Liming  of  Coal  in  Gas  Manufacture.     J.  Paterson.     (/.  Gas 

Lighting,  cxvi,  449.) — A  modification  of  Cooper's  process  of  intro- 
ducing lime  with  the  coal  into  the  retorts  was  adopted  at  Chelten- 
ham with  good  results.  The  method  used  is  to  feed  the  quickHme 
on  to  the  coal  in  the  breaker  by  means  of  a  hopper  closed  at  the 
bottom  by  a  roller  and  flexible  shoot.  A  tapping  device  is  provided 
to  keep  the  lime  flowing  freely.  The  roller  is  driven  by  gearing 
from  the  shaft  of  the  elevator,  so  that  the  lime  and  coal  are  used 
in  constant  proportions.  A  little  steam  is  admitted  under  the  rollers 
of  the  breaker  and  also  into  the  overhead  hoppers  in  the  retort  house 
to  prevent  dust,  and  the  surface  of  the  coal  becomes  uniformly 
coated  with  an  adhering  layer  of  lime.  The  coal  used  is  a  mixture 
of  half  South  Yorkshire  and  half  Derbyshire  coal.  During  the 
first  five  months  the  quantity  of  lime  used  was  2.01  per  cent,  of  the 
coal  carbonized.  The  quantity  of  the  sulphur  compounds  in  the 
gas  was  reduced  from  40  to  21.5  grains  per  cubic  foot;  the  yield 
of  gas  increased  by  829  cubic  feet  per  ton  over  the  average  of  the 
preceding  three  years ;  the  yield  of  ammonium  sulphate  increased 
by  1.88  pounds  per  ton  of  coal  over  the  average  of  the  preceding 
seven  years ;  the  yield  of  tar  decreased  by  0.9  gallon  per  ton ;  and 
the  illuminating  power  of  the  gas  and  the  quality  of  the  coke  were 
not  impaired.  During  the  next  six  months,  the  improvement  was 
maintained  and  the  yield  of  gas  further  increased  by  162  cubic  feet 
per  ton.  The  pull  in  the  exhauster  house  was  reduced  from  o.ii 
inch  to  about  half  that  amount,  and  a  higher  carbonizing  tempera- 
ture was  attained.  Trouble  with  stopped  ascension  pipes  entirely 
ceased,  except  in  the  case  of  one  retort  which  was  charged  by  hand 
with  unlimed  coal. 

Fur  Dyeing.  E.  Schlotthauer.  (Farber  Zeit.,  xxii,  397.)  — 
In  modern  fur  dyeing  there  are  four  different  classes  of  work  to 
be  dealt  with,  (i)  For  dyeing  solid  shades,  chiefly  blacks,  such 
as  are  required  on  Persians  or  Broadtails,  the  entire  skin  in  immersed 
in  the  dye  bath.  For  the  two  kinds  of  skins  named,  the  logwood- 
tannin  process  is  used,  for  dyeing  blacks ;  for  hareskins  and  Thibets, 
a  logwood  turmeric  black  is  used.  (2)  If  the  hair  is  required  to 
be  of  a  different  shade  from  the  skin  itself,  the  entire  skin  is  first 
dyed  by  the  immersion  process,  and  a  different  dye  solution  is  then 
applied  to  the  hair  by  the  brushing  process.  (3)  If  only  the  hair 
is  to  be  dyed,  the  color  is  brushed  on,  (4)  It  is  often  desired  to 
deepen  the  shade  of  the  extreme  tips  of  the  surface  hairs.     Before 
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dyeing  the  furs  have  to  be  scoured  by  treating  them  with  dilute 
caustic  soda,  or  with  lime  water  to  which  soda  ash  has  been  added. 
The  actual  dyeing  process  is  made  difficult  by  the  extreme  care 
which  is  necessary  to  prevent  deterioration  of  the  skin.  Before 
reaching  the  dyer  the  furs  are  submitted  to  one  of  several  preparing 
processes,  of  which  the  alum,  chrome,  sulphuric  acid  and  sodium 
chloride,  the  chamois  preparations,  and  the  " S chrotziirichtung"  are 
the  most  important.  It  is  found  that  skins  which  have  undergone 
the  sulphuric  acid  and  sodium  chloride  treatment  have  the^  least 
resistance  to  the  shrivelling  effect  of  the  hot  dye  liquor,  and  chamois 
prepared  skins  have  the  most  resistance.  Even  with  these  last, 
however,  the  temperature  of  the  dye  bath  should  not  exceed  45  °C. 
(ii3°F.).  The  shrivelling  effect  of  hot  dye  liquor  can  be  decreased 
by  previously  treating  the  furs  with  formaldehyde.  Thus  a  chamois 
prepared  sable  which  was  affected  at  52°C  (i25.6°F.),  after  a  three- 
hour  treatment  with  2  per  cent,  of  a  30  per  cent,  formaldehyde  solu- 
tion, did  not  shrivel  until  69° C.  (i56°F.)  was  reached. 

Technical  Applications  of  Zirconia.  C.  R.  Bohm.  {Chan. 
Zeit.,  XXXV,  1 26 1.) — This  opens  with  a  short  summary  of  the 
various  technical  purposes  for  which  zirconium  compounds  have 
been  used  or  may  be  used  in  the  future.  The  extreme  hardness 
of  zirconium  carbide  makes  it  a  good  polisher  and  useful  for  cutting 
glass.  Zirconia  is  a  very  good  insulator,  and,  mixed  with  good 
conducting  material,  it  is  used  for  electrical  heating  purposes.  The 
iridium  bar  in  the  Heraeus  furnace  is  glazed  to  prevent  disintegra- 
tion, by  repeatedly  coating  it  with  a  solution  of  yttrium  and  thorium 
nitrates  and  then  igniting  it ;  it  is  suggested  that,  in  view  of  the 
great  heat  resisting  power  of  zirconia,  it  would  be  advantageous  to 
substitute  a  suitable  zirconium  salt  for  the  thorium  nitrate  used 
in  this  treatment.  Pure  zirconium  oxide  is  a  fine  white  powder, 
suitable  for  the  manufacture  of  white  paint. 

Tungsten  Production  in  the  United  States  in  191 1.  Colo- 
rado AND  California  Chief  Producing  States. — There  was  a 
sharp  falling  off  in  the  production  of  tungsten  ores  in  1911,  owing 
to  the  decrease  in  the  market  for  tool  steels,  in  which  the  bulk  of 
the  tungsten  is  used.  According  to  preliminary  figures  collected  by 
Frank  L.  Hess,  of  the  United  States  Geological  Survey,  about  1,125 
short  tons  of  concentrates  carrying  60  per  cent,  tungsten  trioxide 
were  produced  and  shipped  during  the  year,  which  is  less  than  two- 
thirds  of  the  output  for  1910,  when  1821  tons  were  marketed.  The 
prices  for  the  year  ranged  from  $4.50  to  $8.50  per  unit,  depending 
on  quantity,  quality,  and  individual  bargaining.  At  the  close  of 
the  year  $5.00  per  unit  was  offered.  The  unit  is  twenty  pounds 
of  tungsten  trioxide  per  short  ton  of  ore. 

As  usual,  the  Boulder  County  (Colorado)  field  gave  the  largest 
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returns,  740  tons,  and  the  Atolia  (California)  deposits  the  second 
largest.  Smaller  amounts  were  produced  in  Arizona,  Nevada, 
Idaho,  and  Washington. 

The  ore  mined  in  Boulder  County  is  ferberite  (iron  tungstate), 
which  is  not  obtained  in  large  quantity  at  any  other  place  in  the 
world.  In  spite  of  the  poor  market  several  new  companies  were 
formed  to  mine  ore  in  the  Boulder  field  and  commenced  operations 
during  the  year.  Two  companies  profitably  worked  over  tailings 
left  from  former  operations.  A  considerable  quantity  of  the  ore 
mined  both  in  this  and  in  other  fields  was  not  marketed. 

The  Atolia  field  did  not  make  so  large  a  production  as  in  1910, 
but  carried  on  work  through  most  of  the  year. 

Near  Nipton,  Cal.,  work  was  done  by  several  persons  on  tung- 
sten-bearing veins,  but  most  of  the  ore  was  left  at  the  mines  to  await 
higher  prices. 

In  Arizona  a  number  of  carloads  of  ore  were  mined  near  Arivaca, 
more  than  70  miles  south  of  Tucson,  and  hauled  to  that  place  for 
shipment  to  Denver  for  milHng. 

New  mills  for  treating  tungsten  ores  were  operated  at  Osceola, 
Nev.,  and  in  the  Blue  Wing  district  on  Patterson  Creek,  Idaho, 
and  a  new  mill  was  being  built  at  the  close  of  the  year  at  Round 
Mountain,  Nev.  Financial  difficulties  overtook  the  company  operat- 
ing at  Osceola  and  the  concerns  in  Washington,  so  that  little  was 
done  at  those  places. 

The  tungsten  ore  in  the  Blue  Wing  district  had  been  long  mis- 
taken for  a  dark  zinc  blende,  with  which  it  occurs. 

New  discoveries  of  wolframite  were  reported  from  the  vicinity 
of  Oroville,  Wash.,  and  in  silver-bearing  veins  in  the  Sonoma  Range, 
south  of  Golconda,  Nev.  Hiibnerite  was  found  in  veins  once  worked 
for  silver  in  the  Potosi  district,  nine  miles  from  Pony,  Mont.,  and 
scheelite  was  found  in  gold  veins  in  the  New  Goldfield  district  near 
Rebel  Creek,  Nev. 

Tinning  Iron.  Robt.  Grimshaw.  (Met.  hid.,  ix,  ii,  471.)  — 
To  insure  a  well-tinned  surface  for  iron  articles,  it  is  advisable  to 
copper  them  first.  According  to  Claudius,  the  process  is :  about  30 
pounds  of  the  articles  are  placed  in  a  tumbling  barrel,  into  which 
is  poured  a  mixture  of  20  litres  water,  i  kilogram  sulphuric  acid, 
and  20  grammes  of  tin  salts.  The  articles  are  tumbled  for  fifteen 
minutes  in  this  bath ;  the  liquid  run  off  and  replaced  by  water ;  they 
are  tumbled  five  minutes  in  the  water,  and  the  process  repeated  twice 
with  fresh  water.  Then  place  in  the  tumbling  barrel  a  copper 
solution,  consisting  of  50  grammes  copper  sulphate,  30  grammes 
zinc  sulphate,  and  20  litres  water,  made  slightly  acid  with  sulphuric 
acid ;  the  articles  are  tumbled  fifteen  minutes  in  this.  Then  rinse 
with  pure  water  and  they  will  be  well  coppered,  bright,  and 
polished.     It  is  better  to  tin  them  at  once,  without  drying  them. 
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The  tin  bath  consists  of  a  solution  of  three  parts  of  cream  of  tartar 
and  of  tin  salt  in  20  litres  of  warm  water.  The  smaller  articles  are 
laid  on  a  perforated  zinc  plate  and  placed  in  the  bath  and  moved 
about  by  a  zinc  rod.  In  from  thirty  minutes  to  an  hour  they  will 
be  found  to  be  sufficiently  tinned ;  they  are  then  rinsed  and  dried. 
Larger  articles  are  first  pickled,  then  plated  in  a  weak  solution  of 
copper  sulphate  and  rinsed  without  letting  the  hands  touch  them, 
bound  with  a  tin  wire  and  hung  in  a  tin  bath,  and  left  there  till 
the  tinning  is  complete. 

Brown  on  Brass.  Anon.  (Metal  Industry,  ix,  ii,  473.) — The 
following  solution  produces  a  number  of  different  shades  on  brass, 
from  a  greenish  tone,  a  gray  light  brown,  dark  brown,  or  black : 

Potassium   sulphide    ^2   ounce. 

Water    i  gallon. 

When  cold  this  gives  a  gray  or  greenish  color,  at  ioo°F.  a 
light  brown  to  reddish  brown,  at  I40°F.  a  dark  brown,  at  i8o°F.  a 
black  color. 

The  Society  of  Automobile  Engineers. — The  winter  meeting 
of  the  above  society  was  held  in  New  York  on  January  18-20.  The 
following  were  amongst  the  papers  read  at  the  meeting :  "  Efficiency 
of  Compound  Gas  Engines,"  by  Eugene  P.  Batzell.  "  Starters  for 
Gas  Engines,"  by  J.  W.  Fitzgerald.  "  Motor  and  Transmission  for 
Commercial  Cars,"  by  Eugene  P.  Batzell.  "  Automatic  Spark 
Control,"  by  Lon.  R.  Smith.  "  Balance  of  Automobile  Motors,"  by 
Ernest  R.  Field.     "  Silent  Chains,"  by  Chester  S.  Ricker. 

Several  reports  were  presented  by  the  Divisions  of  the  Standards 
Committee  of  the  society.  This  committee  is  actively  engaged  in 
the  preparation  of  standards  for  all  leading  parts  of  machines  and 
has  already  recommended  sizes  for  such  important  details  as  motor 
truck  parts,  truck  wheels,  springs,  ball  and  roller  bearings,  etc. 
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When  yon  asked  me  to  speak  on  solntion  I  felt  that  you  had 
asked  me  to  speak  on  the  most  important  condition  of  matter 
known  to  man.  This  statement  is  a  strong  one  and  may  lead  you 
to  suspect  that  you  are  going-  to  hear  something  sensational.  If 
so,  I  fear  you  will  be  disappointed. 

What  is  meant  by  speaking  of  solution  in  the  terms  that  I 
have  used,  is  that  it  is  matter  in  this  condition  which  gives  us 
nature,  and,  consequently,  natural  science. 

I  am,  of  course,  using  the  term  solution  in  the  broader  sense. 
When  the  word  solution  is  first  used  we  are  liable  to  think 
of  such  systems  as  are  produced  when  cane  sugar  or  common  salt 
is  thrown  into  water,  and  to  limit  our  concei^tions  to  systems 
of  this  type.  In  a  word,  we  are  liable  to  think  of  solutions  in 
liquids  as  solvents,  or,  even  more  narrowly,  of  solutions  of 
solids  in  liquids. 

A  solution  is  a  mixture  of  matter  in  any  state  of  aggregation, 

^  Presented  at  the  meeting  of  the  Section  of  Physics  and  Chemistry 
held  December  14,  1911. 

[Note. — The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributors  to  the  Journal.] 
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with  matter  in  the  same  or  in  a  different  state  of  aggregation, 
fulfilHng  the  condition  that  the  constituents  cannot  be  separated 
mechanically.  If  we  mix  two  gases  that  do  not  act  chemically 
upon  one  another,  we  have  a  true  solution  of  a  gas  in  a  gas. 
In  a  similar  manner  we  have  solutions  of  liquids  and  solids  in 
gases.  A  liquid  or  a  solid  throws  vapor  into  the  superincumi>ent 
gas — dissolves  in  it.  It  may  be  objected  that  the  liquid  or  solid 
first  passes  into  vapor  and  this  then  mixes  with  the  gas.  It  can 
be  replied  that  when  cane  sugar  (a  solid)  dissolves  in  water 
(a  liquid)  it  does  not  remain  in  the  solid  state;  the  dissolved 
substance  acquires  the  state  of  aggregation  of  the  solvent. 

Similarly,  we  have  solutions  of  the  three  states  of  matter 
in  solids  as  the  solvents,  and  one  of  these  types  of  solutions, 
that  of  solids  in  solids,  is  interesting  and  important.  There 
belong  in  this  class  the  isomorphous  mixtures,  the  alloys,  etc. 

The  question  arises.  What  justification  have  we  for  calling 
these  mixtures  of  solids,  solutions?  The  answer  is,  ihey 
have  the  three  fundamental  properties  of  true  solutions^ — 
lowering-  of  the  freezing  point  of  the  solvent,  lowering-  of  the 
vapor  tension  of  the  solvent,  and  osmotic  pressure. 

There  are,  then,  nine  types  of  solutions;  matter  in  every  state 
of  aggregation  dissolving  in  matter  in  the  same  and  in  ever\-  other 
state  of  aggregation. 

Using  the  term  solution  even  in  this  broad  sense,  the  ques- 
tion still  remains.  Why  designate  it  as  the  most  important  con- 
dition of  matter?  What  justification  is  there  for  such  a  state- 
ment ?  Can  anyone  think  of  a  chemical  reaction  in  which  solu- 
tion of  some  kind  is  not  involved?  T  do  not  mean  by  a  chemical 
reaction  simply  a  change  of  phase  or  state  of  aggregation  of 
matter,  such  as  the  melting-  of  ice  or  the  boiling  of  water,  but  a 
transformation  in  which  new  products  are  formed.  The  number 
of  such  reactions,  if  they  exist  at  all.  is  such  a  small  percentage  of 
the  total  number  of  chemical  reactions  that  it  is  practically 
negligible.  The  whole  science  of  chemistry,  then,  is  a  branch 
of  the  science  of  solutions.  And  what  justification  is  there  for 
calling  chemistry  a  branch  of  the  science  of  solutions?  Do  solu- 
tions concern  other  branches  of  natural  science  than  chemistry  ? 

Geology  deals  with  the  sedimentary  rocks  deposited  from 
aqueous  solutions,  and  with  the  igneous  rocks  which  came  out 
of  molten  magmas  or  solutions  at  elevated  temperatures.      Murh 
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of  geology  is,  therefore,  a  branch  of  the  science  of  solutions. 
And  take  the  biological  sciences.  Think  how  many  of  them  owe 
their  very  existence  to  solutions !  What  would  physiology, 
pharmacology,  or  therapeutics  be  w-ithout  solutions? 

Taking  all  of  these  facts  into  account — and  there  are  many 
more  which  will  occur  to  anyone  who  thinks  about  this  problem — 
you  will  see  that  there  is  some  justification  for  the  stress  that  I 
am  inclined  to  lay  upon  the  importance  of  matter  dissolved  in 
matter  for  natural  science  as  a  whole.  The  chemist,  the 
geologist,  the  biologist,  and  also  the  physicist  must  be  interested 
in  the  problem  of  the  nature  of  solution. 

W'hat  the  real  condition  of  matter  in  the  dissolved  state  is, 
Avas  practically  unknown  until  it  was  taken  up  by  that  really 
great  man  of  science,  Van't  Hoff,  whose  untimely  death  we 
have  recently  been  called  upon  to  lament.  Certain  ideas  had 
been  expressed  as  to  what  was  the  nature  of  dissolved  sub- 
stances, but  these  w-ere  hardly  more  than  unsubstantiated  guesses, 
and  for  the  most  part  erroneous. 

While  it  may  be  impossible  to  define  a  genius,  we  know  that 
Van"t  Hoff  was  one,  and  of  the  first  water.  From  very  meagre 
and  imperfect  data  he  was  able  to  foresee  relations  that  have 
placed  the  whole  subject  of  solutions  upon  a  scientific  basis. 

From  a  few  measurements  of  the  osmotic  pressure  of  a  very 
few  substances  at  a  very  few  dilutions,  Van't  Hoff  w'as  able  to 
show  that  we  can  deal  with  solutions  fundamentally  as  w^e  deal 
with  g-ases — the  laws  of  gas-pressure  apply  to  the  osmotic 
pressure  of  solutions.  But  why  was  the  discovery  of  this  rela- 
tion so  important?  Because  we  know  incomparably  more  about 
matter  in  the  gaseous  state  than  in  the  liquid  or  solid  condition. 
We  might  almost  say  that  the  fundamental  problems  in  connec- 
tion with  gases  have,  for  the  most  part,  been  solved.  We 
know  comparatively  little  about  matter  in  the  liquid  state,  and 
our  ignorance  of  the  fundamental  problems  in  connection  with 
solids  is  almost  perfect.  To  be  sure,  we  know  something  about 
the  passage  of  heat,  light,  electricity,  etc..  through  solids,  and 
the  geometrical  forms  in  which  they  crystallize,  but,  after  all, 
these  are  comparatively  superficial  matters. 

Now  that  w^e  can  apply  the  laws  of  gas-pressure  to  solutions, 
and  since  we  can  deal  with  gases  by  the  only  exact  method 
known  to  man — the  mathematical — as    in    thermodynamics,    it 
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follows  that  we  can  apply  this  method,  in  part  at  least,  to  solu- 
tions, and  deal  with  them  by  the  truly  scientific  method. 

We  have  seen  how  important  solutions  are  not  only  for 
chemistry,  but  for  geology,  the  biological  sciences,  and,  indeed, 
natural  science  in  general.  In  being  able  to  deal  with  solutions 
by  the  exact  method,  we  have  made  a  beginning  towards  intro- 
ducing this  method  into  the  hitherto  purely  empirical  branches 
of  science.  Indeed,  in  the  case  of  chemistry  very  much  progress 
has  been  made  in  this  direction,  so  that  to-day  chemistry  is  well 
advanced  towards  becoming  an  exact  branch  of  natural  science. 

The  laws  of  gases,  then,  apply  to  the  osmotic  pressure  of 
solutions.  This  is  the  truth,  but  very  far  from  the  whole  truth. 
The  laws  of  gas-pressure  apply  only  to  the  osmotic  pressure 
of  dilute  solutions  of  those  substances  whose  aqueous  solutions 
do  not  conduct  the  current,  to  dilute  solutions  of  nonelectrolytes. 
But  the  nonelectrolytes  comprise  only  about  one-half  of  the  chem- 
ical compounds,  and  by  far  the  least  interesting  half.  All  of  the 
acids,  all  of  the  bases,  and  all  of  the  salts  belong  in  the  class 
of  electrolytes,  and  these  are  the  substances  that  make  chemistry 
what  it  is.  To  the  osmotic  pressure  of  not  a  single  one  of  these 
compounds  do  the  gas  laws  apply.  They  all  exert  osmotic  pres- 
sures that  are  too  great  in  terms  of  the  laws  of  gas-pressure; 
therefore,  greater  than  exerted  by  nonelectrolytes  of  the  same  con- 
centration. Van't  Hoff  recognized  this  fact  clearly,  and  pointed  it 
out  with  emphasis  in  his  epoch-making  paper  ^  in  the  first  volume 
of  the  journal  that  was  to  be  the  official  organ  of  the  new 
branch  of  science  which  this  paper  contributed  largely  to  create. 
Indeed,  he  fomiulated  the  facts  for  both  classes  of  substances, 
nonelectrolytes  and  electrolytes.     The  gas  equation — 

Pv^RT 

applied  to  the  osmotic  pressures  of  solutions  of  nonelectrolytes, 
while  it  was  necessary  to  insert  a  coefficient  greater  than  unity 
into  the  equation  when  it  was  to  be  used  for  electrolytes — 

Pz-iRT 


((•  >f 


the  coefficient  in  question  being  the  well  known  Van't  Hoff  "i. 
Here  Van't  Hoff  left  the  problem,  and  it  remained  for  a 
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Swedish  physicist,  who  visited  your  town  and  lectured  here  last 
spring — Arrhenius — to  furnish  the  explanation  of  why  it  is 
that  "/''  is  greater  than  unity  for  all  electrolytes. 

To  say  that  the  law  of  Boyle  applies  to  the  osmotic  pressure 
of  solutions  is  the  same  as  to  say  that  osmotic  pressure  is  a 
propert}-  that  depends  only  upon  numbers  ^ — upon  the  relation 
between  the  number  of  parts  of  the  dissolved  substance  and  of 
the  solvent — just  as  gas-pressure  depends  only  on  the  number 
of  parts  in  a  given  volume.  If  we  have  too  great  an  osmotic 
pressure  exerted  by  the  electrolytes,  it  must  then  mean  that  we 
have  a  too  great  number  of  parts  of  the  dissolved  substance 
present  in  the  solution,  too  great  in  terms  of  the  molecular  con- 
centration of  the" solution. 

We  all  know  the  solution  of  the  problem  that  was  furnished 
])y  Arrhenius.  He  broke  down  the  molecules  of  acids,  bases, 
and  salts  in  solution  into  parts  charged  electrically,  and  these 
are  the  ions. 

The  molecule  of  a  simple  acid  like  hydrochloric  broke  down 
into  tv.-o  parts — a  positively  charged  hydrogen  ion  and  a 
negatively  charged  chlorine  ion.  The  molecule  of  a  simple  base 
like  potassium  hydroxide  broke  down  into  two  charged  parts — 
the  potassium  being  charged  positively  and  the  hydroxyl  nega- 
tively. Similarly,  a  salt  like  potassium  chloride  broke  down  into 
positively  charged  potassium  and  negatively  charged  chlorine. 

In  terms  of  this  theory,  then,  dilute  solutions  of  these 
types  of  substances  should  exert  just  twice  as  much  osmotic 
pressure  as  solutions  of  the  same  molecular  concentration  of 
nonelectrolytes,  and  such  is  the  fact. 

In  a  solution  of  substances  like  sulphuric  acid,  barium  hydrox- 
ide, or  barium  chloride  each  molecule  breaks  down  into  three 
charged  parts ;  and  dilute  solutions  of  these  substances  should 
exert  three  times  the  osmotic  pressure  of  equi-molecular  concen- 
trations of  nonelectrolytes,  and  here  again  such  is  the  fact; 
and  it  is  perfectly  simple  to  extend  the  theory  to  any  class  of 
electrolytes. 

Arrhenius  not  only  showed  that  this  theory,  the  theory  of 
electrolytic  dissociation,  could  explain  the  facts  of  osmotic  pres- 
sure ;  but  furnished  a  large  number  of  independent  lines  of  evi- 

*An  arithmetical  property  of  this  kind  may  be  designated  as  a  funda- 
mental property,  and  the  most  worthy  of  study. 
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dence  for  its  correctness,  in  the  very  paper  *  in  which  the  theory 
was  first  proposed ;  pubhshed  it  should  be  noted  also  in  the  first 
volume  of  the  Zcitschrift  fur  physikalischc  Chemie;  and  this 
paper  was  also  destined  to  contribute  largely  to  the  science  of 
which  this  journal  was  to  become  the  chief  exix)nent. 

Here  Arrhenius  left  the  subject  of  solution.  He  pointed  out 
methods  of  measuring  the  magnitude  of  the  dissociation,  and 
showed  that  high  dilution  was  necessary  for  complete  dissociation. 
The  ions  in  the  solution  enjoyed  an  existence  independent  of  one 
another,  and  also  largely  of  the  solvent. 

There  is  nothing  in  Arrhenius's  paper  to  indicate  that  the 
ions  even  in  the  presence  of  water  were  not  "  dry."  At  least 
they  were  not  "  wet."  There  was  no  evidence  at  that  time 
that  there  is  any  combination  between  the  molecules  or  ions  of 
dissolved  substances  and  the  solvent  (say,  water).  The  con- 
tribution of  Arrhenius  to  the  subject  of  solution  was  second 
in  importance  only  to  that  of  Van't  Hoff,  and,  while  absolutely 
necessary  in  explaining-  the  phenomena  presented  by  dissolved 
substances,  was  far  from  sufficient.  The  laws  worked  out  by 
Van't  Hoff,  as  well  as  the  generalization  reached  by  Arrhenius, 
applied  only  to  very  dilute  solutions;  indeed,  to  solutions  so 
dilute  that  they  are  seldom  used  in  the  scientific  laboratory. 

The  objection  was  raised,  and  rightly  so.  that  this  is  all  very 
well  for  "  ideal  "  or  infinitely  dilute  solutions,  but  what  we  want 
is  a  theory  that  will  account  for  the  phenomena  as  presented  by 
solutions  in  general,  and  especially  by  solutions  of  those  con- 
centrations which  give  us.  on  the  one  hand,  chemistry,  and,  on 
the  other,  geology  and  biology.  Tlie  theory  of  solutions  as 
given  us  by  Van't  Hoff  and  Arrhenius  was  a  theory  of  what 
we  might  term  lionKjeopathic  solutions. 

Tt  is  thus  obvious  that  the  problem  of  the  nature  of  solu- 
tions was,  then,  not  finally  solved  even  by  Van't  Hoff  and 
Arrhenius,  but  much  was  left  to  be  done.  T  believe  that  some 
progress  has  been  made  in  the  desired  direction  in  recent  times, 
and  I  shall  aim  to  give  you  a  glimpse  of  how  this  has  been  done. 

About  a  dozen  years  ago  a  Japanese  by  the  name  of  Ota 
came  to  my  laboratory  by  an  unusual  route,  which  touched  at  the 
bottom  of  the  Pacific  Ocean.  The  boat  on  which  he  came  to 
this  country  foundered  outside  of  the  Golden  Gate,  and  he  was 

*  Zeitschr.  pliys.  Chem.,  i,  631   (1887). 
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one  of  the  few  who  came  to  the  surface  and  was  rescued.  It 
would  be  expected  that  such  a  man  would  do  something  extra- 
ordinary after  he  arrived,  and  he  did. 

He  was  set  to  study  the  lowering  of  the  freezing  point  of 
water  produced  by  concentrated  solutions  of  electrolytes.  It  is 
well  known  that  dissolved  substances,  in  general,  lower  the 
freezing  point  of  the  solvent  in  which  they  are  dissolved.  Sea 
water  freezes  lower  than  pure  w^ater.  This  property  of  solu- 
tions, like  osmotic  pressure,  is  also  an  arithmetical  property; 
that  is  to  say,  the  magnitude  of  the  freezing-point  lowering  of 
the  solvent  depends  only  on  the  ratio  between  the  number  of  parts 
of  the  solvent  and  of  the  dissolved  substance.  Knowing  the  dis- 
sociation of  any  solution,  we  can  easily  calculate  what  its  freezing 
point  should  be. 

The  work  of  Ota  brought  out  the  fact  that  the  lowering 
of  the  freezing  point  of  water  by  concentrated  solutions  of 
electrolytes  was  greater,  very  much  greater,  and  in  some  cases 
many  times  greater,  than  would  be  calculated  from  their  con- 
centration and  their  dissociation. 

The  lowering  of  the  freezing  point  of  water  being  a  function 
of  numbers,  and  numbers  only,  the  molecular  lowering — i.e.,  the 
actual  lowering  divided  by  the  concentration  expressed  decimally 
— would  increase  with  the  dilution  of  the  solution,  since  the  per- 
centage dissociation  increases  with  the  dilution.  Ota  found  that 
for  fairly  concentrated  solutions  not  only  did  the  molecular 
lowering  of  the  freezing  point  not  increase  with  the  dilution,  but 
increased  with  the  concentration,  and  in  some  cases  to  several 
times  its  calculated  value. 

This,  for  the  time  being,  placed  the  whole  suljject  of  freezing 
point  lowering  in  about  the  worst  possible  position.  Every- 
thing found  was  directly  at  variance  with  what  would  be  expected 
from  any  theory  knoAvn  at  that  time.  What  were  we  going  to 
do  with  these  facts  ^  At  first  we  doubted  them,  and  then 
repeated  the  work.  The  same  results  were  obtained  a  second 
and  a  third  time,  and  we  had  to  accept  them  as  corresponding 
to  a  truth  of  nature. 

Then  how  were  we  going  to  explain  them  ? 

A  possible  explanation,  and  the  only  explanation  I  could 
think  of  for  these  facts,  was  this : — if  a  part  of  the  water  present 
which  was  supposed  to  be  acting  as  solvent  was  really  there  not 
Vol.  CLXXIII,  No.  1035—17 
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as  solvent  water  but  in  combination  with  the  dissolved  substance, 
the  freezing  point  of  the  water  present,  really  acting  as  solvent, 
would  be  lowered  more  than  if  there  was  no  water  combined 
with  the  dissolved  substance — the  freezing  point  of  a  part  of 
the  water  present  would  be  lowered  more  by  a  given  amount 
of  dissolved  substance  than  if  all  the  water  present  was  acting 
as  solvent. 

While  this  was  a  possible  explanation,  I  did  not  believe  it 
was  the  true  one  when  I  proposed  it  in  1900.^  The  work  of 
my  laboratory  for  the  next  few  years  was  devoted  almost  exclu- 
sively to  obtaining  evidence  bearing  upon  this  very  point.  If 
in  solution  a  part  of  the  water  is  present  as  water  of  hydration, 
then  there  ought  to  be  some  method  or  methods  of  proving  it. 

The  following  line  of  work  suggested  itself.  Measure  with 
reasonable  accuracy  the  freezing  point  lowerings  produced  by 
a  large  number  of  substances  dissolved  in  water,  at  different  con- 
centrations ;  and  see  how  general  abnormally  great  freezing  point 
lowerings  are,  and  what  is  the  order  of  their  magnitude  as 
presented  by  the  different  types  of  electrolytes.  It  was  soon 
found  that  practically  all  electrolytes  give  abnormally  great 
lowerings  of  the  freezing  point  of  water,  but  the  magnitude  of 
these  lowerings  referred  to  molecular  quantities — the  magnitude 
of  the  molecular  lowerings — differed  greatly  from  one  type  of 
compound  to  another.  In  the  case  of  such  substances  as 
potassium,  sodium  and  ammonium  chlorides,  bromides,  iodides, 
and  nitrates  the  observed  lowerings  of  the  freezing  point  of 
water  produced  by  them  are  only  slightly  greater  than  the 
lowerings  calculated  from  the  concentrations  of  the  solutions  in 
question  and  the  dissociation. 

Substances  of  the  type  of  calcium,  strontium,  magnesium, 
etc.,  chlorides  and  nitrates,  lower  the  freezing  point  of  water 
two  or  three  times  as  much  as  would  be  calculated;  while  com- 
pounds such  as  the  chloride  and  nitrate  of  iron,  aluminum  and 
chromium  in  concentration  solutions,  give  four  or  five  times  as 
much  lowering  of  the  freezing  point  of  water  as  would  be 
expected  from  their  concentration  and  dissociation. 

We  studied  over  a  hundred  typical  compounds,  and  demon- 
strated the  general  character  of  the  phenomenon  in  question  as 


'  Amer.  Chcm.  Journ.,  23,  103   (1900). 
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far  as  salts  are  concerned.  This  line  of  thought  then  occurred 
to  us :  If  the  explanation  that  we  have  offered  to  account  for 
these  abnormally  great  freezing-point  lowerings  is  true — i.e., 
combination  between  the  ions  or  molecules  of  the  dissolved  sub- 
stance and  the  water — then,  other  things  being  equal,  those 
substances  that  combine  with  the  largest  amounts  of  water  in 
solution  should  be  the  ones  that  would  bring  the  largest  amounts 
of  water  with  them  out  of  solution.  In  a  word,  there  should  be 
a  relation  betzueen  the  magnitude  of  hydration  in  solution  and 
water  of  crystallisation. 

An  examination  of  the  data  then  in  hand  for  some  twelve 
hundred  solutions,,  showed  that  the  relation  in  question  undoubt- 
edly existed.  Take  all  of  the  chlorides  with  which  we  worked 
and  plot  the  curve  diagram.^  Let  the  ordinates  be  molec- 
ular lowerings  of  the  freezing  point,  and  the  abscissae  con- 
centrations of  the  solutions ;  we  find  those  substances  with  no 
water  of  crystallization  near  the  bottom  of  the  diagram,  which 
means  that  they  produce  relatively  little  lowering  of  the  freezing 
point  of  water. 

Going  up  the  diagram  we  find  next  those  substances  which 
crystallize  with  two  molecules  of  water,  and  then  high  up  on  the 
diagram  those  that  crystallize  with  six  molecules  of  water  of 
crystallization.  The  relation  between  water  of  crystallization 
and  freezing  point  lowering  is  perfect  so  far  as  the  chlorides 
are  concerned.  Take  the  nitrates — the  corresponding  curv^e 
diagram  for  these  substances  is  even  more  interesting  than  for 
the  chlorides,  because  a  larger  number  of  nitrates  than  chlorides 
were  studied ;  the  nitrates  in  general  being  more  soluble  than  the 
chlorides. 

At  the  bottom  of  the  diagram  we  have  the  nitrates  of  sodium, 
potassium,  and  ammonium  which  have  no  water  of  crystalliza- 
tion. A  little  higher  up  the  nitrate  of  lithium  with  two  molecules 
of  water  of  crystallization.  Then  comes  the  nitrate  of  calcium 
with  four  molecules  of  water  of  crystallization.  Then  a  half 
dozen  curves  closely  bunched,  corresponding  to  six  nitrates  each 
crystallizing  with  six  molecules  of  water  of  crystallization ;  and, 


'For  the  diagrams  in  question  see:  Amer.  Client.  Jonrn.,  23,  536  and 
539  (1905)  :  Zeitschr.  phys.  Chem.,  49,  433  and  436  (1904)  ;  Carnegie  Insti- 
tution of  Washington,  Publication  60,  21  and  24  (1907). 
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finally,  well  up  towards  the  top  of  the  diagram  the  nitrates  of 
aluminum,  iron  and  chromium,  the  first  having  eight  and  the 
second  and  third  nine  molecules  of  water  of  crystallization. 

In  a  similar  manner  curve  diagrams  were  plotted  for  the 
bromides  studied  and  for  the  iodides  investigated,  with  the  same 
general  result  that  was  brought  out  for  the  chlorides  and  for  the 
nitrates. 

The  relation,  then,  between  lowering  of  freezing  point  and 
water  of  crystallization  is  perfect  so  far  as  the  chlorides, 
bromides,  iodides,  and  nitrates  are  concerned;  and  a  fairly  large 
number  of  each  class  of  compounds  was  studied;  and  this  seems 
to  be  a  necessary  consequence  of  the  theory  of  hydration  in 
aqueous  solution. 

Take  just  one  other  line  of  evidence  furnished  by  water 
of  crystallization.  We  know  that  chemical  aggregates  or 
complexes  in  general  are  less  stable  the  higher  the  tempera- 
ture. Therefore,  hydrates  would  be  less  stable  the  higher  the 
temperature  to  which  the  solution  was  subjected.  As  this  is  true 
of  hydrates  in  solution,  it  would  be  true  of  the  hydrates  which 
dissolved  substances  can  bring  with  them  out  of  solution.  In 
a  word,  substances  should  cn-stallize  with  less  and  less  water 
the  higher  the  temperature  at  which  they  crystallize.  We 
knew  in  a  general  w-ay  that  this  was  the  fact;  but  not  until  we 
examined  the  literature  on  the  subject  did  we  realize  how  many 
examples  illustrating  this  point  there  are  on  record. 

Just  one  or  two  examples,  selected  from  many,"  will  be 
given.     (See  p.  227.) 

These  data  suffice  to  show  that  water  of  cr\-stallization  is 
a  function  of  temperature,  which,  again,  is  a  necessary  conse- 
quence of  the  hydrate  theory. 

All  in  all,'^  there  have  been  more  than  a  dozen  independent 
lines  of  evidence  discovered,  which  point  unmistakably  to  the 
correctness  of  the  view  that  when  salts  are  dissolved  in  water 


''  Atner.  Cliein.  Journ.,  34,  294  (1905). 

*  Amer.  Chem.  Journ.,  31,  303  (904);  32,  308  (1904);  Z2,,  534  (iQOS)  ; 
34,  291  (1905);  35,  445  (1906);  38,  683  (1907);  39.  3i3  (1908);  40,  355 
(1909)  ;  41,  19  (1909).  Zeitschr.  phys.  Chem.,  46,  244  (1903)  ;  52,  231  (1905)  : 
55.  385  (1906)  ;  74,  325  (1910).  Publications  of  the  Carnegie  Institution  of 
Washington,  Nos.  60,  80,  no,  130,  and  160. 
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more  or  less  of  the  water  is  combined  with  the  salt.     It  would 
lead  us  too  far  here  to  go  into  these  in  any  detail. 

CaCh  ao^ 

CaCls  2H2O  f  As  the  temperature  at  which 

CaCU  4H2O  [ the  crystals  are  formed  is  lower 

CaCU  6H-0J  and  lower. 

^sCh 6H2O  -. Elevated  temperatures  above  20°. 

MgCh 8H2O  J 

MgCU 10H2O 20°. 

MgCU 12H2O —  10°  to  —  12°. 

MnCU 2H20^ 20°. 

MnCU 4H2O/ 15°. 

MnCL ■...  eu^oK —21°. 

MnCU 11H2O  ( —21°  to  —37°- 

MnCU 12H2OJ —48°. 

Having  obtained  such  an  abundance  of  independent  evidence 
that  there  is  hydration  in  aqueous  solution,  and  having  calculated 
the  approximate  composition  of  the  hydrates,  the  next  question 
that  arose  was,  Is  water  the  only  solvent  that  combines  with 
substances  dissolved  in  it?  Water  is  the  most  general  solvent, 
and  has  greater  power  to  break  down  molecules  of  electrolytes 
into  ions  than  any  other  common  solvent.  All  things  considered, 
water  is  by  far  the  most  remarkable  chemical  compound  known 
to  man,  but  does  it  monopolize  the  power  of  combining  with  dis- 
solved substances?  In  a  word,  is  there  any  evidence  that 
solvents  other  than  water  combine  with  substances  dissolved  in 
them? 

Take,  for  example,  the  alcohols — methyl  and  ethyl  alcohols. 
They  are  very  good  solvents.  Do  they  combine  to  any  extent 
with  substances  in  solution  in  them  ? 

It  is  obviously  impossible  to  throw  any  light  on  this  question 
by  the  freezing-point  method.  Alcohol  does  not  freeze  at  a 
temperature  which  can  be  n'.easured  with  sufficient  accuracy  for 
the  present  purpose.  Its  freezing  temperature  is  too  far  removed 
from  ordinary  temperatures  to  permit  of  it  being  measured  to 
within  a  few  thousandths  of  a  degree,,  and  such  measurements, 
to  have  any  value  in  connection  with  the  problem  in  hand,  must 
be  of  this  order  of  accuracy. 

Fortunatel)^,  we  have  another  method  that  can  be  used  in 
such  connections — i.e.,  the  method  based  upon  the  propertv  of  a 
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salt  to  lower  the  vapor-tension  or  raise  the  boiling  point  of  the 
solvent. 

If  we  study  the  rise  in  the  boiling  point  of  a  solvent  produced 
by  a  dissolved  substance,  we  soon  learn  that  rise  in  boiling  point 
obeys  the  same  laws  as  lowering  of  freezing  point.  Just  as  we 
calculate  the  freezing  point  of  any  solution  from  its  concen- 
tration and  dissociation,  just  so  we  can,  from  the  same  data, 
calculate  its  boiling  point,  and,  consequently,  the  rise  in  the 
boiling  point  of  the  solvent  produced  by  the  dissolved  substance. 

We  calculated  the  boiling  points  of  solutions  of  a  fairly 
large  number  of  substances,  and  then  determined  the  boiling 
points  of  these  same  solutions  experimentally.^ 

Results  were  obtained  by  the  boiling  point  method  which 
were  of  the  same  general  character  as  those  obtained  by  the 
freezing  point  method.  The  values  found  experimentally  were 
larger,  and  in  many  cases  much  larger  than  the  calculated 
values.  Just  as  we  interpreted  too  great  freezing  point  lowering 
of  water  by  dissolved  substances  as  being  due  to  hydration,  and 
obtained  so  many  independent  lines  of  evidence  in  favor  of  the 
correctness  of  this  interpretation,  just  so  we  interpret  the 
abnormall}^  great  rise  in  the  boiling  point  of  a  solvent  by  a 
dissolved  substance  as  being  due  to  a  combination  of  the  solvent 
in  question  with  the  substance  dissolved  in  it.  In  the  case  of 
solutions  in  alcohol  we  have  alcoholation;  in  acetone,  acetona- 
tion;  if  the  solvent  is  glycerol,  glycerolation,  etc. 

In  the  case  of  solvents  in  general  we  have  solvation,  and  our 
conception,  instead  of  being  limited  to  water  as  a  solvent  where 
we  have  hydration,  becomes  for  solutions  in  general  the  theory 
of  sohation. 

We  have  already  referred  to  the  large  number  of  lines  of 
evidence  in  favor  of  hydration  in  aqueous  solution.  We  shall 
see  a  little  later  that  there  is  just  as  good  evidence  for  com- 
bination between  solvent  and  dissolved  substance,  when  alcohol, 
or  acetone,  or  glycerol  is  used  as  the  solvent,  as  when  water  is 
employed. 

I  shall  take  up  only  olie  other  of  the  many  lines  of  evidence 
that  we  brought  to  bear  upon  the  solvate  theory  of  solution. 

Solutions  of  certain  substances  are  colored,  while  solutions 
of  certain  other  substances  are  colorless.     Why  is  this?     This 

'  Amer.  Client.  Journ.,  32,  338  (1904);  35,  136  (1906). 
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raises  the  question  as  to  what  is  meant  by  transparency  or  opacity 
to  light.  Glass  is  transparent  because  the  visible  wave  lengths 
of  ether  vibrations  find  nothing  in  the  glass  which  they  can 
throw  into  resonance  with  themselves.  The  metals,  even  in 
thin  films,  are  opaque  because  the  vibrations  in  the  ether  called 
light  find  something  in  the  metal  which  they  can  throw  into 
resonance  with  themselves.  They  do  so,  setting  up  vibrations 
within  the  metal.  The  energy  of  these  ether  vibrations  is 
expended  in  setting  up  vibrations  within  the  metal;  the  ether 
vibrations  cease,  and  since  it  is  these  vibrations  falling  upon 
the  retina  that  produce  the  sensation  which  we  call  light,  we  say 
the  light  is  absorbed  by  the  metal,  or  that  the  metal  is  opaque. 

Similarly,  when  white  light  falls  upon  a  colored  solution, 
some  of  the  wave-lengths  find  something  in  the  solution  which 
they  can  throw  into  resonance  with  themselves.  These  wave- 
lengths are  cut  out  and  the  remaining  wave-lengths  pass  on 
through.  The  color  of  the  solution  in  question  is  determined  by 
the  wave-lengths  that  pass  through  it. 

We  have  been  studying  for  about  seven  years,  with  the  aid 
of  grants  very  generously  awarded  by  the  Carnegie  Insti- 
tution of  Washington,  the  light  that  passes  through  solutions 
of  colored  salts.  In  a  word,  we  have  been  studying  the  absorp- 
tion spectra  of  solutions. 

The  work  consisted  in  allowing  light  to  pass  through 
the  solution,  then  fall  on  a  concave  grating,  and  then  upon  a 
photographic  plate.  The  wave-lengths  that  were  cut  out  by  the 
solutions  would  appear  as  dark  lines  or  bands  upon  the  photo- 
graphic plates.  Something  more  than  six  thousand  solutions 
have  already  been  studied  from  this  stand-point. 

The  question  that  arises  here  is,  What  bearing  could  such 
work  have  on  the  question  of  solvation  in  solution  ?  A  moment's 
thought  will  make  this  clear.  Given  a  dissolved  particle  without 
asking  whether  it  is  molecule,  atom,  or  electron;  it  wall  show 
resonance  for  certain  wave-lengths  of  light.  Now  load  that 
particle  down  by  allowing  it  to  combine  with  a  number  of 
molecules  of  the  solvent.  In  this  condition  it  is  highly  probable 
that  it  would  show  different  resonance  than  when  not  combined 
with  the  solvent.  Further,  the  amount  of  the  solvent  with  which 
the  dissolved  substance  was  combined  would  also  affect  its 
resonance;  and  we  can  readily  change  this  amount  by  simply 
changing  the  concentration  of  the    solution,    the    temperature, 
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adding  a  dehydrating  agent,,  etc.  Only  one  of  the  many  problems 
that  have  been  studied  here  by  the  absorption  spectra  method 
will  be  discussed. 

The  resonance  of  a  dissolved  particle  will  be  affected  by  the 
solvent  combined  with  that  particle.  Suppose,  then,  that  we 
dissolve  a  given  colored  salt  in  different  solvents,  we  would 
have  different  solvates  in  the  different  solvents,  and  we  would 
expect  these  different  solvates  of  the  same  salt  to  show  different 
resonance  with  respect  to  light.  For  illustration  and  to  fix 
the  idea,  neodymium  chloride  dissolved  in  water  would  form 
a  hydrate,  iii  methyl  alcohol  a  methyl  alcoholate.  We  would 
expect  the  h}drated  salt  to  show  different  light  resonance  from 
the  alcoholated  salt. 

On  examining  the  literature  on  this  point  before  our  own 
work  was  begun,  we  found  the  above  conclusion  negated  on 
every  hand.  Indeed,  we  found  nothing  but  the  statement  that 
the  absorption  spectrum  of  a  compound  is  absolutely  independent 
of  the  nature  of  the  solvent  in  which  the  compound  was  dissolved, 
provided,  of  course,  that  the  solvent  itself  had  no  absorption 
spectrum. 

The  number  and  unambiguous  character  of  the  lines  of  evi- 
dence that  we  had  already  discovered,  bearing  upon  the  problem 
of  solvation  in  solution,  had  convinced  us  once  for  all  as  to  the 
general  correctness  of  the  solvate  theory.  As  there  is  combination 
between  the  solvent  and  the  dissolved  substance,  this  should 
manifest  itself  in  the  light  resonance  of  the  compound.  In  a 
word,  we  could  not  accept  what  was  recorded  in  the  literature, 
and  at  first  Dr.  Uhler,  and  then  Dr.  Anderson  and  myself,  there- 
fore, took  up  this  line  of  work. 

The  results  that  were  obtained  for  neodymium  coloride  in 
methyl  alcohol  and  in  mixtures  of  methyl  alcohol  and  water  are 
shown  in  Plate  i.  The  uppermost  strip  of  A  corresponds  to  a 
solution  of  neod\miium  chloride  in  pure  methyl  alcohol.  The 
second  strip  corresponds  to  a  solution  of  neodymium  chloride  of 
the  same  concentration  in  methyl  alcohol  containing  16^  per 
cent,  of  water.  It  will  be  seen  that  the  absorption  is  very 
different  in  the  pure  alcohol  from  what  it  is  in  the  mixed  solvents. 
Succeeding  strips  correspond  to  the  addition  of  more  and  more 
water.  Strip  3  from  the  top  corresponds  to  33/^  P^r  cent,  water, 
strip  4  to  so  per  cent,  water,  strip  5  to  66^  per  cent,  water, 
strip  6  to  ('^3^<^,  per  cent,  water  and  strip  7  to  pure  water. 
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It  will  be  seen  that  the  entire  change  in  the  absorption 
spectrum  takes  place  on  the  addition  of  16^  per  cent,  of  water 
to  the  methyl  alcohol,  and  that  the  absorption  in  water  is  quite 
different  from  in  alcohol. 

In  order  to  determine  whether  there  was  simply  a  shift  in 
the  position  of  the  alcohol  bands  on  the  addition  of  water,  or 
whether  there  were  really  new  absorption  bands  in  the  water,  B, 
Plate  I,  was  taken.  In  this  case  a  much  more  dilute  solution  of 
neodymium  chloride  was  used.  In  the  uppermost  strip  we  have 
again  the  salt  dissolved  in  the  pure  alcohol.  In  the  second 
strip  we  have  the  salt  in  a  mixture  of  methyl  alcohol  and  16^ 
per  cent,  of  water,  and  in  the  succeeding  strips  more  and  more 
water  is  present.  A  comparison  of  the  uppermost  strip  with 
strip  2  will  show  that  in  the  two  cases  we  are  dealing  with  very 
different  absorption  bands.  The  number  and  structure  of  the 
bands  in  the  pure  alcohol  are  very  different  from  the  bands  when 
there  is  water  present.  In  a  word,  the  *'  water  bands  "  are 
not  the  "  alcohol  bands  "  simply  shifted  in  position,  but  entirely 
different  absorption  hands. 

We  have  here,  then,  a  well-defined  "  alcohol  "  spectrum  and 
a  well-defined  "  water  "  spectrum  of  neodymium  chloride,  just 
as  we  predicted  from  the  solvate  theory  should  exist. 

The  addition  of  more  than  i6f/^  per  cent,  of  water  to  the 
alcohol  does  not  further  change  the  absorption  spectrum  in  the 
case  of  the  more  dilute,  as  in  the  case  of  the  more  concentrated 
solution  of  neodymium  chloride. 

So  far  as  is  known  to  me.  this  is  the  first  case  ever  found 
of  the  effect  of  a  non-absorbing  solvent  on  the  absorption  spec- 
trum of  a  compound  dissolved  in  it — of  the  existence  of  well- 
defined  "  solvent  bands." 

Having  found  that  all  of  the  change  in  the  absorption 
spectrum  was  produced  on  adding  167^  per  cent,  of  water,  we 
determined  to  study  this  change  in  detail  by  adding  very  small 
and  increasing  amounts  of  water  to  the  alcohol. 

Plate  II  represents  the  results  obtained  when  neodymium 
chloride  was  dissolved  in  a  mixture  of  ethyl  alcohol  and  water. 
The  concentration  of  the  neodymium  chloride  was  constant  =  0.5 
normal.  The  percentages  of  water,  beginning  with  the  solution 
whose  spectrum  is  adjacent  to  the  numbered  scale,  were  o,  5.5, 
10.6,  16.  21.3.  26.6,  and  2,2.  The  depth  of  the  solution  through- 
out was  o. :;  cm. 
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In  the  second  strip  the  bands  characteristic  of  the  alcohol 
solution  are  much  more  prominent  than  those  belonging  to  the 
aqueous  solution,  while  in  the  third  strip  the  reverse  is  true.  This 
shows  that  the  composition  of  the  mixed  solvent  which  gives  the 
bands  with  about  half  their  normal  intensity  is  7  to  8  per  cent, 
water.  There  we  have  both  the  ''  alcohol  "  and  the  "water  " 
bands  coexisting,  and  they  are  seen  to  have  very  different  struc- 
tures— are  very  different  bands.  The  ''  water  "  bands  decrease  in 
intensity  as  the  amount  of  water  present  decreases. 

Take  next  solutions  in  mixtures  of  methyl  alcohol  and  water. 
The  results  are  shown  in  Plate  VI,  the  concentration  of  the 
neodymium  chloride  being  0.25  normal. 

The  strip  next  to  the  numbered  scale  corresponds  to  the 
pure  alcohol.  As  we  go  away  from  the  scale  the  strips  corre- 
spond to  more  and  more  water.  In  strip  3,  counting  from  the 
bottom,  which  corresponds  to  5.3  per  cent,  of  water,  we  have  both 
the  "  water  "  and  the  "  alcohol  "  bands  of  equal  intensity.  As 
we  go  up  the  spectrogram,  corresponding  to  the  presence  of 
more  and  more  water,  the  "  water  "  bands  become  stronger  and 
stronger  and  the  alcohol  bands  weaker  and  quickly  disappear. 

We  have,  then,  in  mixtures  of  water  and  methyl  alcohol,  as 
in  mixtures  of  water  and  ethyl  alcohol,  perfectly  definite  absorp- 
tion bands  of  neodymium  chloride  corresponding  to  each  of  the 
solvents  present.  To  see  whether  "  solvent  bands "  were  in 
any  wise  limited  to  neodymium  salts,  we  used  salts  of  other  metals 
in  this  same  connection.  Plates  III,  IV,  and  V  were  obtained 
in  the  phase  of  the  work  carried  out  by  Dr.  W.  W.  Strong  and 
myself. 

Plate  III  is  the  spectrogram  obtained  with  uranous  chloride 
in  acetone,  in  methyl  alcohol,  and  in  glycerol.  A  is  the  absorp- 
tion spectrum  of  uranous  chloride  in  acetone,  the  different  strips 
corresponding  to  different  depths  of  solution.  B  is  the  absorp- 
tion spectrum  of  uranous  chloride  in  methyl  alcohol,  the  different 
strips  corresponding  to  different  depths  of  solution.  C  is  the 
absorption  of  uranous  chloride  in  glycerol.  This  spectrogram 
shows  both  the  uranous  and  uranyl  bands.  A  glance  at  this  plate 
will  show  how  different  the  spectra  are  in  the  different  solvents. 

Plate  IV,  A,  gives  the  absorption  spectra  of  uranous  chloride 
in  water  to  which  ethyl  alcohol  is  added,  and  B  the  absorption 
spectrum  of  uranous  acetate  in  water  with  different  depths  of 
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solution.  This  spectrogram  is  especially  interesting  on  account 
of  the  facts  brought  out  in  A.  The  first  strip  at  the  bottom  of  the 
spectrogram  represents  the  absorption  spectrum  of  uranous 
chloride  in  water.  The  second  strip  represents  tlie  absorption 
of  uranous  chloride  in  a  mixture  of  water  and  about  25  per  cent, 
of  ethyl  alcohol.  The  next  strip  corresponds  to  about  40  per 
cent,  of  alcohol,  and  here  the  water  bands  are  very  feeble  and 
the  alcohol  bands  begin  to  show  feebly.  In  the  next  strip  there 
are  about  60  per  cent,  of  alcohol.  Here  the  "  water  "  bands 
have  practically  disappeared,  and  the  "  alcohol  "  bands  begin  to 
show  out  very  strongly.  In  the  last  strip  there  is  about  one-third 
water  and  two-thirds  alcohol.  The  "  water "  bands  are  now 
gone  entirely,  and  the  "  alcohol  "  bands  are  alone. 

One  of  the  best  examples  of  "  solvent  "  bands  is  Plate  V.  A 
is  the  spectrogram  of  uranous  bromide  in  a  mixture  of  water  and 
methyl  alcohol,  and  B  is  the  spectrogram  of  uranous  chloride  in 
a  mixture  of  water  and  methyl  alcohol. 

The  aqueous  solutions  are  at  the  bottom  of  the  spectrograms, 
ajid  as  we  go  up  more  and  more  alcohol  is  added  from  strip  to 
strip.  We  see  the  "  water "  bands  strong  at  first,  rapidly 
disappear,  and  the  "  alcohol  "  bands  at  first  weak,  increase  in 
intensity  as  the  amount  of  alcohol  present  relative  to  the  water 
increases. 

We  have  here  tzvo  entirely  ckstinct  sets  of  bands,  one  corre- 
sponding to  each  of  the  solvents  present.  A  better  example 
than  this  of  solvent  bands  could  hardly  be  imagined. 

Having  found  such  abundant  evidence  of  the  effect  of  the 
solvent  on  the  power  of  the  dissolved  substance  to  absorb  light, 
in  the  case  of  the  few  solvents  referred  to  above,  it  seemed  very 
desirable  to  bring  other  solvents  within  the  scope  of  this  work, 
and  this  has  been  done.  Since  the  neodymium  absorption  lines 
and  bands  are  very  sharp,  it  was  selected  as  the  principal  sub- 
stance to  be  used  in  this  connection.  This  phase  of  the  work  has 
been  carried  out  recently  by  himself  and  Dr.  Strong.  The 
following  nomenclature  is  used  for  the  neodymium  absorption 
spectra : 

a  group  in  the  region  A  3400  to  /*-  3600 

/?  group  at  about  ^  4300 

7  group  from  ^  4600  to  A  4800 

<5  group  from  A  5000  to  ^  54CO 

e  group  in  the  region  ^  5800 

f  group  at  ^  6300 


234 


Harry  C.  Jones. 


The  results  for  neodymiiim  chloride  are : 

a   GROUP 


In  water 


Weak     Narrow  Narrow  Narrow 
strong     strong     strong 


'''^     3390      3465       3505 


Faint- 
est 


In  methyl  and  ethyl  alcohols  a'K 
In  propyl  alcohol  7.a 


Widest 

and 

most 

intense 


3475   3505   3560 


Sharp 
3445 

3560 


3460      3490 

Weak 
3580 


3540 
3560 


Weak     Strong    ^^^°S 
narrow 

3510      3525      3S40 


All  these  bands  hazy,  the 
middle  being  the  weak- 
est of  the  three 


In  propyl  alcohol  VCk    3460  3510     3535 

Sharp  Ty„i. 

narrow  "^^^ 

In  butyl  alcohol "Kk    3450  3460  3493 

Sharp 
narrow 

3535  3545      3560 

Weak  Strong-      Very 
er  weak 

In  isobutyl  alcohol AX    3455  3485     3515      3545     3570 

Weak  Strong    Strong 
sharp      share 

In  glycerol 


Weak      Strong  Strong 

sharp  sharp 

XA     3520      3475  3550 
p  GROUP 


In  water \1 

In  methyl  and  ethyl  alcohols. .  XA 

In  propyl  alcohol "k 

In  isopropyl  alcohol Xk 

In  butyl  alcohol 7u. 

In  isobutyl  alcohol A 


Very 
sharp 

4271 
4290 

Very 
weak 


Narrow 
weak 

4290 

4325 

Wide 
weak 


Wide 
weak 

4270      4285      4330      4450 

This  is  the  only  band  of  the  /3  group  that  shows. 
4265 

Are  all  weak  and  of  the  same  intensity. 
4265      4285        and        4300 

Ver>' 
weak 

4300 
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cv,,,,.  Very  Verj' 

Sharp  fine  fine 

In  glycerol ^-^     4288  4270      and      4305 

y GROUP 

Hazy       Very 
edges       weak 

In  water AA     4610     4655      4685 

Narrow 
Sharp    intense 

4755      4820 

In  methyl  and  ethyl  alcohol  ..  ??.     4700     4780      and      4825 

Weak 
diffuse 

In  propyl  alcohol A?.  4600  4700   4770   and   483O 

Very 

diffuse 

In  isopropyl  alcohol //     4600     4690      and      4730 

In  butyl  alcohol No  bands  appear  with  wave-lengths  be- 
tween A  4600  and  /*.  4800  in  the  spectro- 
gram taken. 

Very  weak 

In  isobutyl  alcohol A?  4700  4730  4780   4830   4880 

In  glycerol A/  4620  4710  4730   4760  4790   4840 

5 GROUP 

Wide      Intense 
Narrow     hazy      narrow 

In  water Aa    5090      5125      5205      5227 

Faint 
Narrow      hazy 

5255       5315 

Hazy     Intense 
Hazy      fainter    narrow 

In  methyl  and  ethyl  alcohols . .  A/    5125      5180      5220 

Intense  Narrow      Faint 

5245       5290       5315 

Wide  and  diffuse 

In  propyl  alcohol AA    5130      5180      5220      5230 

Very  weak 
5250       5290       5330 
Wide  and  diffuse 

In  isopropyl  alcohol AA    5 100     5320 

Narrow 
Narrow     weak 

In  butyl  alcohol AA    5085      5095      5130      5200 

5215      5240      5270      5300 

In  isobutyl  alcohol AA    5150      5260      5215 

5230      5250      5300 

Wide      Narrow  Narrow 

In  glycerol AA     5120      5170      5190     Weak 

AA    5230      5240      5250      5270 
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e GROUP 

Narrow  o^  _i      t_i  ^ 

strong  Strong  doublet 

^"^^*«^ Xa    5725      5745  5765      5795 

Hazy        (.-6i:  Strong 

f/f,    Nar'w'r  SSoo 

In  methyl  and  ethyl  alcohols. .   --        '  f^mt  Faint 

/./      5860       5895  5925        Very 
Hazy  intense 

In  propyl  alcohol „  -0,0  ^o^^ 

^  ^^  AA   5740    5780  5810    5850 

Broad 
diffuse 

In  isopropyl  alcohol /.A  5720   5780  5810 

In  butyl  alcohol kX     5750   5780  5820   5860 

5900  5930 

Strong  Strong 

5810  5850       5890 

In  isobutyl  alcohol ,,    57T0      ^y%°  'yll^      %''^^ 

5920       weak  weak        weak 

In  glycerol Hazy 

^^'"-     5740      5790  5805      5820      5850 


The  above  results  obtained  witli  neodymium  chloride  will 
show  the  effect  of  the  solvent  on  the  absorption  spectra  of  this 
compound.  The  bands  in  the  different  solvents  have  different 
wave-lengths  and  different  relative  intensities. 

Having  found  that  the  solvent  played  such  an  important  role 
in  the  absorption  spectra  of  the  dissolved  substance,  Jones  and 
Strong  used  isomeric  organic  solvents  to  see  whether  such 
closely  related  solvents  would  affect  differently  the  absorp- 
tion of  light.  They  prepared  solutions  of  neodymium  chloride  in 
propyl  and  isopropyl  alcohols,  and  in  butyl  and  isobutyl  alcohols, 
and  photographed  the  absorption  spectra  of  this  salt  in  these 
isomeric  solvents.  H  we  compare  carefully  the  spectra  of 
neodymium  chloride  in  butyl  and  isobutyl  alcohols,  we  find  that 
the  bands  are  weak  and  diffuse  in  isobutyl  alcohols,  and  have 
different  relative  intensities  from  what  they  have  in  butyl  alcohol. 
The  bands  in  butyl  alcohol  are  very  much  finer  and  sharper  than 
they  are  in  isobutyl  alcohol.  Further,  the  bands  of  neodymium 
chloride  in  isobutyl  alcohol  have  slightly  greater  wave-lengths 
than  in  butyl  alcohol.  To  eliminate  the  possibility  of  the  effect 
of  the  solvent  on  absorption  spectra  as  being  due  to  anything 
inherent  in  the  nature  of    neodymium    chloride,  the  nitrate    of 
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neodymiiim  was  studied  in  the  same  way  as  the  chloride.  The 
absorption  spectra  of  neodymium  nitrate  in  water,  in  methyl 
alcohol,  in  ethyl  alcohol,  in  mixtures  of  these  alcohols  with  water, 
in  propyl  and  isopropyl  alcohols,  in  butyl  and  isobutyl  alcohols, 
in  acetone  and  water,  in  ethyl  ester  and  in  formamide,  were  care- 
fully photographed  and  studied.  The  results  will  be  given,  in 
the  case  of  neodymium  nitrate,  only  for  the  alpha  bands. 

Neodymium  Nitrate—  a  Bands. 

In  water,  practically  the  same  as  the  bands  of  neodymium  chloride,  but  the 
bands  of  the  nitrate  are  broader  and  heavier  than  those  of  the  chloride. 
In  methol  and  ethyl  alcohols  there  were  only  two  bands  in  the  «  group. 

Xa  3465  and   3545 

In  propyl  alcohol ''-'•-  3455-  3500  and  3585 

In  isopropyl  alcohol ^^-  3460,  3505  and  3535 

In  butyl  alcohol /^^  3450,  3500  and  3540 

In  isobutyl  alcohol The  absorption  was  so  great  that  in  the  spec- 

trograph taken  the  a  group  did  not  appear. 
The  absorption  in  general  is  the  same  as  that 
of  the  chloride  in  this  alcohol. 

In  acetone a/  3475  and  3555 

In  ethyl  ester /?-  3455.  35ooand  3540 

The  above  results  suffice  to  show  the  difference  in  the  lengths 
of  the  absorption  bands  of  the  a  group  of  neodymium  nitrate 
in  the  different  solvents.  Similar  differences  manifest  them- 
selves when  we  compare  the  bands  of  the  iS  or  y  group  for  this 
compoimd  in  the  different  solvents,  and  it  is,  therefore,  not 
necessary  to  make  further  comparisons  here. 

Having  obtained  such  marked  changes  in  the  absorption  bands 
of  neodymium  chloride  and  nitrate,  as  the  nature  of  the  solvent 
was  changed,  Jones  and  Strong  extended  this  work  to  salts  of 
uranium.  A  few  of  the  bands  of  uranyl  chloride  in  the  different 
solvents  will  be  given  for  the  sake  of  comparison. 

Uranyl  Chloride. 

In  water /./".  4025,  4170,  4315,  4460,  4560,  4740  and  4920 

In  methyl  alcohol /"A  4090,  4220,  4345,  4465,  4590,  4760  and  4930 

In  ethyl  alcohol AA  4100,  4250,  4400,  4580,  4750  and  4900 

In  propyl  alcohol ^?-  4100,  4230,  4400,  4580,  4750  and  4910 

In  isopropyl  alcohol aA  4100,  4250,  4360,  4560  and  4750 

In  butyl  alcohol /A  4100,  4240,  4390,  4560,  4750  and  4970 

In  isobutyl  alcohol /^A  4400,  4560,  4720  and  4900 

In  ether /.A  4040,  4160,  4300,  4444  and  4630 

In  methyl  ester AA  4030,  4160,  4280,  4440,  4620,  4790  and  4920 

In  glycerol ?.A  4025,  4140,  4260,  4400,  4540,  4720  and  5050 

In  formamide AA  4450,  4650  and  4840 
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The  above  evidence  leaves  little  or  nothing  to  be  desired  in 
favor  of  the  view  that  "  solvent  "  bands  are  very  general  in  the 
absorption  spectra  of  solutions;  and  it  will  be  recalled  that  this 
was  predicted  from  the  solvate  theory  of  solution  at  a  time  when 
all  of  the  experimental  evidence  then  on  record  was  against 
this  view. 

I  regard  the  above  line  of  evidence  in  favor  of  the  view  that 
there  is  combination  between  the  solvent  and  the  dissolved  sub- 
stance as  little  short  of  proof — indeed,  better  evidence  for  the 
correctness  of  any  theory  could  scarcely  be  hoped  for.  The 
question  still  remains,  Of  what  use  is  the  solvate  theory  of  solu- 
tion, even  if  it  is  true? 

We  have  seen  that  the  theory  of  solution  as  left  by  Van't 
Hoff  a.nd  Arrhenius  is  a  theory  of  very  dilute  or  "  ideal  "  solu- 
tions. It  does  not  apply  to  a  single  solution  of  the  concentra- 
tion such  as  we  use  in  the  laboratory.  While  necessary,  it  was, 
therefore,  far  from  sufticient. 

If  we  supplement  the  theory  of  Van't  Hoff  and  Arrhenius  by 
the  solvate  theory,  we  have  a  theory  of  solution  which  applies 
not  simply  to  the  very  dilute  or  "  ideal  "  solution,  but  to  the 
solutions  witli  which  we  have  to  deal  in  the  scientific  laboratory — 
to  the  solutions  which  give  us,  on  the  one  hand,  chemistry,  and, 
on  the  other,  geology  and  biology. 

A  combination  of  the  theory  of  electrolytic  dissociation  with 
the  theory  of  solvation  enables  us  to  deal  with  the  whole  subject 
of  solution  in  a  reasonably  satisfactory  manner;  and  we  have 
already  had  some  glimpse  at  the  importance  of  the  condition  of 
matter  in  solution  not  only  for  chemisti^y,  but  for  practically 
every  other  branch  of  natural  science.  It  is  obvious  that  we  are 
dealing  here  with  the  most  fundamental  condition  of  matter  for 
natural  science  in  general,  and  any  light  on  the  nature  of  this 
condition  makes  for  progress  in  our  study  of  nature. 


Resistance  Alloy  of  Copper — Manganese — Nickel.  W.  B. 
Driver.  (U.  S.  Patent  981,  542.) — These  alloys  contain  large  per- 
centages of  nickel  and  manganese ;  the  nickel  renders  the  copper- 
manganese  alloys  electrically  constant.  These  alloys  are  non-cor- 
rodible  and  can  be  machined.  An  alloy  of  60  parts  copper,  10  man- 
ganese, and  30  nickel  has  a  specific  resistance  of  65  ;  one  of  40 
copper,  40  manganese,  and  20  nickel  has  a  resistance  of  150.  as  com- 
pared with  copper  ^=  i. 


BRUSHES.' 

BY 

W.  R.  WHITNEY, 

Director  Research  Laboratory,  General  Electric  Company. 

The  object  of  this  paper  is  to  describe  some  experiments 
which' are  being  carried  out  with  the  view  of  assisting  in  an 
improvement  in  the  quahties  of  motor  and  generator  brushes, 
and  particularly  of  the  carbon  type.  It  is  well  known  that, 
while  there  have  been  very  many  improvements  in  all  sorts  of 
electrical  apparatus  during  the  past  twenty  years,  there  has  not 
been  a  corresponding  improvement  in  the  quality  of  brushes,  at 
least  in  this  country.  It  is  a  peculiar  commercial  or  manufactur- 
ing condition — which  all  engineers  will  recognize  when  their 
attention  is  called  to  it — that  an  electrical  manufacturing  com- 
pany usually  puts  upon  its  motors  and  generators  all  the  legitimate 
accessories  of  its  own  make  which  are  possible,  excepting  the 
brushes,  and  forces  the  users  to  purchase  brushes  from  com- 
panies not  necessarily  in  very  close  touch  with  electrical  require- 
ments. 

If  the  brush  were  as  simple  an  article  of  manufacture  as  the 
lag-screw  with  which  the  apparatus  is  attached  to  the  floor,  this 
would  not  be  serious ;  but  quite  a  different  condition  exists.  In 
fact,  I  think  it  is  safe  to  say  that  a  poor  carbon  brush  or  brush 
of  a  wrong  type,  may  render  inoperative  any  kind  of  electrical 
apparatus.  \\'hen  one  considers  the  stoppage  of  a  long  line  of 
electric  cars  or  the  temporary  shut-down  of  a  generating  plant, 
because  of  defects  in  a  brush,  one  wonders  that  the  demands 
have  not  already  made  an  art  of  brush  making.  One  finds,  in 
fact,  that  the  production  of  this  very  essential,  unobtrusive  little 
block  of  carbon  has  hardly  had  any  study  at  all. 

Every  electrical  machine  is  carefully  designed  in  detail  as  to 
size  and  shape  of  copper,  iron,  and  insulation,  all  of  which  vary 
with  each  machine,  but  as  yet  the  important  characteristics  of  a 
brush  are  not  included  in  the  design,  although  some  one  grade 
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of  brush  is  expected  to  operate  satisfactorily  over  a  great  range 
of  design.  So  long  as  this  unfortunate  condition  exists  the 
best  that  can  be  hoped  for  is  a  brush  which  will  do  fairly  well 
for  a  large  number  of  machines,  very  well  on  a  few,  and  cause 
continuous  trouble  on  -a  small  balance,  until  investigation  of  the 
constants  of  the  particular  machine,  or  its  operating  condition, 
shows  the  need  of  a  different  type  of  brush. 

The  careful  investigation  now  in  progress  leads  us  to  hope 
that  the  various  characteristics  of  carbon  brushes  will  soon  be 
sufficiently  understood,  so  that  before  long  the  designers  of 
dynamos  and  motors  will  be  enabled  to  use  a  brush  exactly  fitted 
to  a  particular  design  of  macJiine,  rather  than  a  brush  which 
does  fairly  well  on  machines  of  that  general  size  and  character. 

Apparently  the  carbon  brush  was  first  made  from  such  stock 
as  is  used  for  arc  lamp  electrodes  and  diy  cell  carbons.  It  was 
mixed,  molded,  and  baked  in  practically  the  same  way,  and  the 
prices  fixed  on  that  basis.  Wt  have  experimented  with  the 
understanding  that  a  product  might  be  producible  which  could 
bear  a  tenfold  greater  cost  of  production  than  ordinary  carbon 
brushes,  and  it  is  probable  that  our  present  methods  are  not  far 
from  this  condition. 

In  what  we  call  the  early  days,  the  motor  or  generator  brush 
consisted  of  a  brush  of  leaves  of  copper,  and  this  had  to  be 
treated  with  the  best  of  care.  It  was  frequently  cleaned  and  oiled, 
and  on  some  types  of  machines  gave  much  trouble.  It  was 
usuallv  set  at  an  angle,  so  that  the  ends  of  the  laminse  bore  upon 
the  commutator.  Any  reversal  of  direction  of  rotation,  as  has 
frequently  to  take  place  in  such  apparatus  as  railway  motors, 
w^as  out  of  the  question  with  this  kind  of  brush.  A  block  of 
solid  copper  bearing  directly  upon  the  commutator  on  such 
machines  causes  arcking  and  spattering  of  the  metal,  as  there  is 
a  relatively  high  current  passing  from  one  commutator  segment 
to  the  adjacent  segment  through  that  part  of  the  brush  which 
connects  them.    This  was  a  reason  for  laminae  in  the  brush. 

Our  first  experiments  were  taken  up  along  the  line  of  previous 
methods  of  manufacture,  and  attempts  were  made  to  get  at  some 
sort  of  life  tests  and  standards  of  comparison.  We  tried  to  learn 
what  a  good  brush  had  to  do  and  how  long  it  might  be  expected 
to  do  it.  In  lamp  manufacture  the  testing  is  an  art  by  itself. 
An  incandescent  lamp  is  made  to  burn  a  certain  time  at  a  prefixed 
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efficiency.  We  questioned  whether  a  carbon  motor  brush  could 
be  submitted  to  similar  life  and  quality  tests.  \\'e  recognized  the 
importance  of  learning,  if  possible,  what  ph}sical  properties  or 
constants  for  brushes  would  help  in  determining  quality  for 
electrical  uses.  The  art  is  undeveloped,  so  that  there  is  no  con- 
siderable agreement  between  engineers  even  on  important  points. 
For  example,  it  would  be  made  clear  by  one  engineer  that  a  brush 
must  be  much  softer  than  copper,  so  as  not  to  wear  away  the 
commutator,  and  must  not  contain  any  hard  spots,  because  these 
might  take  up  metal  from  the  commutator.  Against  this  was 
the  ecjually  powerful  argument  that  the  brush  must  be  harder,  so 
as  to  cut  mica  and  prevent  the  insulation  finally  protruding  above 
the  copper,  and  for  this  reason  carborundum,  the  hardest  prac- 
tical material,  has  been  experimentally  introduced  into  brush 
mixtures.  That  the  contract  resistance  should  be  relatively  high 
and  the  body  resistance  low  were  also  practical  suggestions.  In 
order  to  operate  systematically,  we  attempted  to  choose  properties 
or  tests  to  which  numerical  values  could  be  attached.  It  was  not 
assumed  that  all.  or  even  any,  of  these  factors  could  be  interpreted 
strictly  in  terms  of  brush  quality,  but  some  such  system  of  co- 
ordinating and  comparing  experimental  products  seemed  neces- 
sary. \\'e  would  naturally  welcome  suggestions  leading  to  better 
tests.  There  were  finally  adopted  measurements  of  hardness, 
tensile  strength,  densitv,  electrical  resistivity,  and  such  mechanical 
tests  as  a  chip  and  fracture  tests. 

The  hardness  is  determined  by  the  Shore  Scleroscope.  which 
consists  essentially  of  a  diamond-pointed  weight  which  falls 
freely  in  a  perpendicular  glass  tube  and,  striking  upon  the  brush, 
rebounds  to  a  height  in  the  tube,  which  height  is  read  from  a 
scale.  In  general,  the  harder  the  material,  the  higher  will  be 
this  rebound.  In  the  case  of  brushes  it  distinguishes  qualities 
over  a  range  of  about  seventy  units  and  is  of  considerable  value 
in  detennining  regularitv  of  product. 

A  brush  as  made  for  railway  motors  and  containing  coke, 
graphite,  lampblack,  and  binder  carbon,  if  properly  baked  and 
fired,  would  have  a  hardness  about  50,  while  if  the  firing  be 
interrupted  at,  say.  500"  C.  its  hardness  value  would  be  about  20. 
If  the  coke  and  lampblack  be  omitted,  while  the  binder  carbon  is 
three  per  cent.,  and  natural  graphite  be  used,  the  hardness  value 
will  fall  to  about  16,  even  after  firing  for  maximum  hardness. 
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In  other  words,  such  brushes  as  find  common  use  on  electrical 
apparatus  may  vary  in  hardness,  depending  upon  the  desired  use, 
from  15  to  75  units  of  hardness. 

The  tensile  strength  is  determined  by  cutting  from  the  brush, 
held  between  steel  guide  plates,  a  definite  testing  piece  of  the 
carbon  which  can  be  held  in  the  grip  of  the  strength-testing 
machine  and  which  will  break  at  a  point  where  the  cross-section 
is  exactly  one-quarter  scjuare  inch.  The  break  is  produced  by 
the  addition  of  shot  at  a  definite  rate  to  a  pan  supported  by  the 
test  sample.  The  strength  is  expressed  in  pounds  per  square 
inch  section.  The  density  compared  to  water  is  calculated  from 
the  weight  of  the  brush  and  its  physical  dimensions. 

The  resistivity  is  determined  by  measuring  the  voltage  drop 
across  contact  points  i^  inches  apart,  which  points  bear  heavily 
upon  the  brush  when  a  current  is  sent  through  the  brush. 
Separate  contacts  are  used  for  the  current.  The  accuracy  of  the 
measurement  is  about  3  per  cent,  of  itself. 

Some  sort  of  chipping  test  seemed  desirable  because  brushes 
in  use  often  deteriorate  and  wear  away,  due  to  flaking  off  of 
chips  from  the  edges  of  the  bearing  surface.  This  would  be 
expected  from  the  nature  of  the  impacts  given  a  brush  when  it 
chatters  on  a  rough  armature  revolving  at  high  peripheral  speed. 
The  chip  test  we  have  used  consists  in  a  clamp  for  holding  the 
brush  firmly  on  a  solid  base  or  anvil,  and  in  a  weight  guided  by 
perpendicular  rods,  which  weight  falls  from  a  fixed  height  and 
strikes  the  bearing  face  of  the  brush  repeatedly  at  the  same 
point,  about  a  millimetre  from  the  edge.  The  number  of  im- 
pacts necessary  to  force  off  a  chip  is  called  a  chip  test.  This 
is  quite  surprisingly  uniform  for  uniformly  made  brushes.  It 
is  usually  weighted  so  that  a  brush  of  best  quality  will  regularly 
chip  after  about  ten  impacts  of  the  weight  when  dropping  from 
an  increasing  height  in  steps  of  one  centimetre  each. 

Additional  qualitative  tests  have  resulted  from  comparison 
of  product  under  different  conditions.  For  example,  the  fracture 
or  appearance  of  the  fresh  surface  produced  by  breaking  the 
brush  across  its  longer  dimensions  discloses  very  effectively  any 
irregularities  produced  by  improper  baking  or  pressing.  This 
cross-section  should  be  quite  homogeneous  and  the  fracture  regu- 
larly conchoidal  or  square.  No  shelves,  cracks,  or  angular  mark- 
ings will  be  disclosed  on  breaking  a   well-made  brush.      It   is 
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believed  that  such  internal  irregiilarities  represent  weakened 
structure,  that  even  miniature  cracks  might  take  up  and  carry 
copper  from  the  commutator,  and  that  breaking  of  a  brush  in  use 
may  often  be  attributed  to  ixiternal  cracks  produced  in  the  manu- 
facture. Undoubtedly  a  rough  commutator  or  heavy  pressure  of 
the  spring  of  the  brush  holder  accounts  for  the  breakage  of  many 
brushes  in  use.  but  in  our  tests  on  operating  machines  these 
variables  are  kept  under  control  as  much  as  possible. 

Fig.  I. 


Inferior  brush  fracture. 

To  illustrate  this  point,  Figs,  i  and  2  are  introduced.  Fig.  i 
shows  a  typical  case  of  an  improperly  baked  brush.  The  in- 
gredients are  the  same  as  in  Fig.  2,  which  was  pressed  and  baked 
with  greater  care.  The  imperfections  noted  in  i  are  "produced 
by  too  rapid  heating.  They  are  not  discoverable  in  the  brush 
before  breaking  it. 

Fir,.  2. 


Good  brush  fracture. 

Neither  of  these  is  a  squirted  brush  (i.e.,  cut  from  a  bar 
squirted  through  a  die),  both  having  been  pressed  to  the  desired 
shape  from  the  powdered  mixture. 

The  composition  of  the  mixture  from  which  the  brush  is 
molded  has  been  varied  greatly  to  suit  various  requirements, 
but  in  general  it  is  made  up  of  two  or  more  of  the  four  elements  : 
lampblack,  finelv-ground  petroleum  coke,  graphite,  and  some  kind 
of  tar  or  petroleum  pitch  which  serves  as  a  binder. 

The  effect  produced  by  each  of  these  ingredients  is  a  different 
one,  and  a  suitable  balance  seems  necessarv  and  varies  with  the 
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use  of  the  brush.  A  brush  made  mostly  of  lampblack,  with 
suitable  binder,  would  be  dense  and  hard,  but  of  poor  con- 
ductivity, and  would  cut  copper  badly.  One  made  mostly  of 
graphite  is  usually  too  soft  and  on  ungrooved  commutators  wears 
away  too  rapidly.  The  mica  between  the  bars  gradually  protrudes 
and  wears  away  the  brush.  Its  electrical  resistance  is  very  low. 
One  made  mostly  of  coke  is  hard  and  of  high  resistance.  It 
usually  cuts  the  copper  badly.  The  petroleum  coke  is  used  because 
of  its  uniformity  and  freedom  from  mineral  matter.  It  can  read- 
ily be  appreciated  that  for  some  special  purposes  it  may  be  well  to' 
incorporate  hard  polishing  material  into  a  brush,  as  where  much 
mica  has  to  be  cut  and  where  high  conductivity,  and  therefore 
much  graphite,  is  desired.  The  accidental  grains  of  sand  or  such 
mineral  impurities  as  often  occur  in  ordinary  coke,  on  the  other 
hand,  are  to  be  carefully  excluded. 

It  might  seem  that  by  using  the  above  four  forms  of  carbon 
(  for  the  pitch  leaves  a  fourth  form  of  carbon,  after  the  heat 
treatment)  a  satisfactory  product  could  be  obtained,  and  it  has 
become  apparent  that  the  qualities  may  be  varied  over  a  wide 
rang'e  by -proper  variation;  but  the  requirements  are  continually 
advancing,  so  that  all  sorts  of  experiments  in  composition,  such 
as  adding  sulphur,  special  oils,  etc.,  have  been  carried  out. 

It  may  be  stated  as  a  general  rule  that,  except  for  special 
conditions,  the  finer  the  state  of  subdivision  of  the  brus'h  in- 
gredients, the  better  the  quality  of  the  finished  brush.  We  have 
found,  after  having  used  ball  mills,  that  the  Raymond  impact 
grinder  pulverizes  coke  and  similar  materials  very  perfectly.  We 
have  found  it  desirable  to  grind  not  only  the  coke  but  also  the 
mixture  of  all  the  ingredients,  to  insure  thorough  mixing  and  a 
•dense  Inrush. 

The  finely-divided  materials,  coke,  lampblack,  and  graphite, 
are  placed  in  a  mechanical  dough  mixer  and  a  solution  of  the 
pitch  in  benzol  is  added  and  the  whole  kneaded  for  several  hours. 
The  benzol  is  then  driven  ofT  by  heat  and  the  dried  product, 
which  is  then  quite  hard,  is  reground  to  about  200  mesh,  and  this 
powder  is  compressed  into  brush  form,  in  steel  molds. 

It  was  first  thought  that  the  best  way  to  form  the  brush  was 
to  squirt  bars  of  the  mixture  by  means  of  a  hydraulic  press. 
These  l)ars  could  then  be  cut  to  desired  length.  So  far  as  our 
work  went  along  this  line,  the  product  was  not  as  satisfactory 
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as  when  the  brushes  were  individually  pressed.  Experiments 
were  made  in  which  various  proportions  of  pitch  binder  were 
used.  The  temperatures  of  the  press,  mold,  and  brush  material 
were  carefully  controlled ;  special  presses  were  built,  etc.,  but 
irregularities  often  appeared  in  the  product.  The  tendency  of 
the  material  to  flow  unequally  within  itself  during"  the  passage 
through  the  die  seemed  to  be  responsible  for  cleavage  planes  and 
internal  curved  surfaces,  which  would  often  not  develop  until  the 
brush  was  completed  by  baking,  and  even  then  could  only  be 
disclosed  bv  breaking  the  brush.  We  do  not  mean  to  conclude 
that  a  satisfactory  brush  cannot  be  made  by  squirting  the  hot 
mixture  through  a  die.  as  the  reverse  is  probably  true,  but  for 
our  purposes  we  finally  adopted  the  accurate  weighing  of  the 
mixture  for  each  individual  brush  and  the  compression  of  this 
weighed  material  to  an  exact  size  in  a  mold  under  such  a  high 
pressure  that  additional  pressure  produces  no  further  change. 
This  pressure,  for  a  standard  railway  motor  brush,  is  about 
25,000  pounds  per  square  inch.  Above  this  pressure  the  quality 
is  not  appreciably  afir'ected ;  much  below  it,  inferior  product,  as 
shown  by  density,  resistance  and  strength,  results.  Marked  effect 
is  produced  by  variation  in  the  temperature  at  which  the  mixture 
is  pressed.  For  this  reason  care  is  taken  to  have  the  pressing- 
done  at  about  25°  C. 

The  pressed  brushes  are  then  packed  in  cast-iron  boxes,  in 
lots  of  100  to  200,  and  covered  with  a  liberal  layer  of  fine  coke. 
A  cast-iron  cover  which  well  fits  the  box  is  then  inserted,  and 
this,  in  turn,  is  covered  with  coke  dust.  A  pile  of  these  boxes 
is  shown  in  Fig.  3.  This  box  fits  snugly  into  the  electrically 
heated  mufifle  shown  in  Fig.  4. 

Early  in  the  investigation  it  became  evident  that  a  large  part 
of  the  irregularitv  of  product,  the  shrinkage-cracks,  etc.,  .were 
to  be  attributed  to  a  too  rapid  rate  of  rise  of  temperature  during 
the  early  stages  of  heating  the  pressed  brush.  The  pitch,  or 
binder,  which  on  its  fractional  distillation  leaves  the  cementing 
carbon,  which  in  turn  largely  determines  the  hardness  and 
strength  of  the  brush,  is  a  mixture  of  organic  compounds  which 
liquefies  at  moderate  temperature  (100°  C. )  and  rapidly  evolves 
gases  far  below  red  heat.  This  led  us  to  test  methods  of  electric 
heating,  and  the  rate  of  distillation  of  the  volatile  materials  at 
gradually-rising  temperature  was  determined.   This  work  resulted 
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finally  in  the  adoption  of  a  very  small  type  of  mulfle,  for  com- 
mercial production,  which  had  a  capacity  for  not  over  200 
brushes.  It  was  heated  by  a  special  resistance  wire  wound  upon  it 
and  the  temperature  was  controlled  by  a  thermo-element  and 
resistance,  so  that  the  rate  of  rise  of  the  temperature  on  each  lot 
of  brushes  was  at  the  rate  of  about  5°  C.  per  hour  over  a  period 
of  about  one  hundred  hours.  The  distillation  of  the  binder  under 
this  treatment  does  not  rupture  or  weaken  the  brush. 


Fig. 


Muffle  boxes  and  saggers. 

When  larger  volumes  of  brushes  are  heated  or  the  heating  of 
small  containers  in  a  large  furnace  of  usual  type  is  carried  out. 
the  brushes  near  the  walls  receive  a  very  different  heat  treat- 
ment from  those  near  the  centre  of  the  furnace.  This  causes 
much  irregularity  of  product,  so  that  we  still  give  all  brushes  the 
first  firing  or  baking  in  the  small  wire-wound  and  heat-insulated 
muffies,  of  which  Fig.  4  is  an  illustration.  Fig.  5  shows  a  double 
row  of  these  mufiles  with  their  control  resistances.     These  latter 
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enable  the  operator  to  gradually  raise  the  temperature  in  each 
muffle.  The  rate  of  this  rise  is  learned  by  means  of  pyrometer 
couples  inserted  into  the  muffles.  In  this,  which  is  a  preliminary 
heating  only,  the  temperature  rises  after  one  hundred  hours  to 
500°  C.  In  this  process  the  volatile  products  of  distillation  have 
been  so  slowly  eliminated  from  the  brush  that  no  stride,  lamina- 
tions, splits,  or  blisters  are  produced.  The  brush  is  now  bound 
together  by  a  material  largely  carbon,  but  still  capable  of  further 
shrinkage,  hardening,  and  decomposition  by  higher  temperature. 

Fig.  4. 


Muffle. 


After  the  preliminary  heating  at  500°  C.  the  brushes  are 
unpacked  and  a  series  of  tests  would  show  relatively  inferior 
qualities  throughout,  about  as  follows,  for  one  type  of  railway 
motor  brushes : 


Hardness.  .       Tensile  strength. 

,  20         9000  pounds  per  square  inch. 


Resistance. 
0.043  ohm  per  inch  cube. 


The  material  can  still  shrink  greatly  and  be  improved  by  a 
higher  heat  treatment.  This  is  accomplished  in  an  ordinary 
porcelain  baking-kiln  at  about  1400°  C,  the  brushes  being  packed 
as  before,  though  not  in  iron,  but  in  fire  clay  containers  or  saggers 
(at  right  in  Fig.  3),  the  whole  being  covered  with  coke  dust  and 
the  cover  carefully  luted  on.     The  slightest  carelessness  in  this 
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protection-process  causes  a  softening  of  the  outer  surface  of  the 
brush,  where  a  little  combustion  has  removed  the  binder-carbon. 
This  binder-carbon  is  easily  combustible  in  the  presence  of  an 
excess  of  coke  powder. 

Owing  to  the  severe  requirements  for  railway  motor  brushes, 
the  work  for  a  long  time  was  devoted  exclusively  to  this  field, 
and  there  is  probably  still  plenty  of  improvement  possible. 

Fig.  5. 


Eleotricallv  healed  muffles. 


As  the  work  has  advanced,  t]ie  refinements  possible  have 
become  more  and  more  apparent,  and  it  is  quite  evident  now  that 
several  different  carbon  brush  types  are  necessary  to  satisfy 
the  requirements  for  different  types  of  machines.  In  case  of 
this  particular  brush,  however,  it  is  worth  attention  that  by 
slight  modifications  in  the  process,  such  as  fineness  of  grind- 
ing, pressure  on  the  hydraulic  press,  etc..  the  record  of  tests  kept 
during  the  past  two  years  shows  the  following  changes.  Attempts 
have  been  made  to  operate  without  change  in  the  components. 
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as  weighed  out.     These  quahties  have  all  improved  through  small 
refinements. 


Year. 

Haidness. 

Resistance. 

Tensile  strength 

1909.     . 
191 1.     . 

•      •    52-3 
.      .    58-60 

•00135 

.00120 

1800 

2700 

Development  of  the  railway  brush  led  to  trying  the  same 
product  on  other  types  of  electrical  apparatus,  and  k  was  at 
once  evident  that  the  general  brush  requirements  call  for  more 
than  one  kind  of  brush  and  more  than  a  single  composition. 
Generator  brushes,  while  the}^  do  not  meet  the  severe  conditions 
met  by  railway  motor  brushes,  and  may  therefore  be  softer  and  of 
lower  physical  tests,  should  have  higher  conductivity  and  should. 

Fig.  6. 


Sections  of  compound  brusli 

in  use,  develop  a  polished  commutator  without  cutting  or  smutting 
the  metal.  A  fairH-  satisfactory  type  of  generator  brush  may 
be  made  almost  entirely  of  ash-free  graphite  and  binder-carbon 
and  will  have  approximately  the  following  values  on  test :  Hard- 
ness 35,  resistance  .00078,  tensile  strength  2500,  chip  test  6.  It 
has  been  found  that  a  brush  needs  some  lubrication  qualities 
which  are  difficult  to  cjuantitatively  express.  In  the  past  it  has 
even  been  customary  to  treat  some  brushes  with  oils,  vaseline, 
etc.,  to  give  them  this  lubricating  effect.  It  has  also  been  found 
possible  to  improve  operation  of  a  commutator  by  using  hard, 
strong,  non-lubricating  brushes  and  to  interpose  in  several  of  the 
brush-holders  a  pure  graphite  brush,  which  serves  to  give  desired 
lubrication  for  the  other  brushes.     This  has  led  to  experiments 
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on  a  combination  brush,  of  which  a  section  is  shown.  Fig.  6. 
In  this  case,  by  a  proper  selection  of  proportions  of  binder  or 
pitch  and  the  mixture,  it  has  become  possible  to  gain  the  same 
shrinkage  in  the  two  widely  dilTerent  materials,  a  hard  brush 
body  and  a  bod)-  largely  composed  of  graphite,  so  that  the  two 
are  still  firmly  bound  together  after  firing.  A  sort  of  laminated 
brush  is  thereby  produced,  and  if  there  were  service  demands  for 
such  laminated  Inrushes  they  could  l^e  produced. 


Magnetic  Properties  of  Iron  under  High  Frequency.     E.  F.  W. 

Alex  ANDERSON.  (Electro  tech.  Zeits.,  xxxii,  1078.) — Tests  were 
conducted  with  an  electrical  high-frequency  machine  giving  periods 
up  to  200,000  per  second.  It  is  shown  ( i )  that  iron  is  able  to  follow 
so  high  a  frequency;  (2)  that  the  permeability  of  iron  under  high 
frequency  is  most  probably  the  same  as  with  low  frequency  :  (  3  )  that 
the  skin  effect  with  a  sheet  0.08  mm.  thick  is  sufficiently  great  to 
prevent  a  higher  induction  than  about  B  :=  1200  being  obtained  with 
the  highest  frequency;  and  (4)  that  the  iron  used  in  the  building 
of  high-frequency  motors  might  be  reduced  with  advantage.  Details 
are  given  of  the  apparatus  and  method,  also  tables  and  diagrams 
showing  the  results. 

Effect  of  Atmosphere  on  Wireless  Telegraphy  Sender  and 
Receiver.  A.  Esau.  (Phys.  Zeits.,  xii,  798.) — The  effect  of  the 
condition  of  the  atmosphere  upon  the  damping-  of  a  wireless 
telegraphy  sender  and  receiver  is  investigated.  When  the  antenna 
wires  are  covered  with  hoar-frost  or  ice  the  damping  is  increased  up 
to  200  per  cent.  In  rain  it  increases  up  to  100  per  cent.,  and  when 
snow  is  falling  up  to  50  per  cent.  Fog  causes  very  little  change. 
The  electrical  condition  of  the  atmosphere  causes'  changes  up  to 
about  20  per  cent.  Atmospheric  disturbances  increase  with  the 
increasing  transparency  of  the  air,  with  decreasing  moisture,  with 
increasing  wind  velocity,  and  with  the  formation  of  thunder  clouds. 
Thev  diminish  with  increasing  cloudiness .  mist,  and  fog.  Thev 
are  more  frequent  at  midday  and  at  midnight.  The  maxima  disturb- 
ances occur  in  June  and  August,  with  a  secondary  maximum  in 
December.     The  winter  months  are  quietest. 

Thulium.  C.  A.  v.  Welsbach.  (Zeitscli.  A)wrg.  Chcinie,  Ixxi, 
4.) — From  a  spectroscopic  investigation  of  thulium  preparations  it 
appears  that  thulium  consists  of  three  elements,  to  which  the  sym- 
bols Tul,  TuII  and  TuIII  are  assigned.  Each  gives  a  characteristic 
absorption  and  spark  spectrum,  which  arc  described.  It  is  possible 
that  other  elements  lie  between  aldebaranium  and  Tul,  and  between 
TuTI  and  TuTII. 


ELEMENTS  OF  THEORETICAL  AEROMECHANICS. 
Part  II — Aerodynamics. 

BY 

A.  F.  ZAHM,  Ph.D. 

Aerodynamics  may  be  defined  broadly  as  the  science  of 
motion  of  air  or  an  aeriform  fluid.  Commonly,  air  alone  is 
implied  in  the  word.  This  is  especially  true  when  the  name  is 
used  by  engineers.  \\'ith  them  it  is  the  analogue  of  hydraulics, 
which  is  the  science  of  motion  of  water.  Both  sciences  treat  of 
not  only  the  motion  of  their  peculiar  media,  but  also  of  its 
effect  on  objects  or  machinery  connected  with  the  fluids. 

An  important  function  of  theoretical  aerodynamics  is  to  de- 
termine the  velocity  and  stress  of  a  fluid  at  every  point  of  the 
medium  when  it  flows  past  an  obstacle,  the  physical  properties 
and  conditions  of  the  fluid  being  assumed  or  given.  From  the 
point-velocity  the  stream-lines  may  be  mapped ;  from  the 
point-stress  about  an  object  the  resultant  pressure  and  friction 
may  be  found  by  summing  over  its  surface.  Equivalent  results 
may  be  obtained  if  the  object  is  assumed  to  move  against  the 
fluid,  since  only  the  relative  motion  is  of  consequence.  This  is 
regarded  as  self-evident. 

It  will  be  convenient  to  treat  of  aerodynamics  together  with 
the  general  science  of  fluid  dynamics. 

Theoretical  fluid  dynamics,  being  a  difficult  subject,  is,  for 
convenience,  commonly  divided  into  two  branches,  one  treating 
of  frictionless  or  perfect  fluids,  the  other  treating  of  viscous  or 
imperfect  fluids.  The  frictionless  fluid  has  no  existence  in  nature, 
but  is  hypothecated  by  mathematicians  in  order  to  facilitate  the 
investigation  of  important  laws  and  principles  that  may  be  ap- 
proximately true  of  viscous  or  natural  fluids.  We  may  first 
notice  some  of  the  principles  and  conclusions  in  this  easier 
branch,  then  pass  to  the  treatment  of  viscous  media. 

DYNAMICS  OF  FRICTIONLESS  FLUIDS. 

The  motion  of  a  fluid  may  be  rotational  or  irrotational,  and. 
each  of  these  kinds  of  flow  may  be  steady  or  unsteady.  The 
motion  of  the  medium  is  irrotational  if  every  part  of  it  moves 
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with  fixed  orientation,  so  that  if  a  small  sphere  of  it  were  sud- 
denly frozen  it  would  drift  along  without  rotating  in  any  direc- 
tion; otherwise  the  flow  is  rotational.  The  motion  of  the  fluid 
is  steady  when  its  velocity  at  every  point  of  the  stream  is  constant 
in  magnitude  and  direction. 

In  all  kinds  of  movement  the  translational  velocity  of  the 
fluid  may  be  everywhere  manifested  by  means  of  stream-lines ; 
that  is,  lines  drawn  everywhere  in  the  medium  in  the  direction 
of  flow  of  the  coincident  fluid.  Each  particle  of  the  fluid,  there- 
fore, moves  in  the  direction  of  the  instantaneous  stream-line 
passing  through  it.  Evidently  such  lines  are  stationary  in  steady 
motion,  but  shifting  from  instant  to  instant  in  unsteady  motion. 
In  the  latter  case  they  are  called  lines  of  flow  by  some  writers. 
In  like  manner  lines  may  be  drawn  everywhere  through  the 
fluid,  showing  the  direction  of  rotation  of  its  small  parts,  and 
serving,  so  to  speak,  as  axes  of  rotation  for  the  fluid  particles 
strung  along  them.  These  are  called  vortex-lines.  In  this  text, 
however,  none  but  irrotational  motion  of  the  fluid,  or  body 
immersed  therein,  shall  have  consideration. 

The  stream-lines  are  of  great  importance  in  the  science  of 
fluid  dynamics  and  its  practical  applications  to  the  flow  of  air  and 
water.  They  not  only  mark  the  direction  of  flow  at  every  point 
of  the  medium,  but  also  fairly  indicate  the  translational  velocity 
of  the  fluid  at  each  point,  particularly  if  there  be  little  change  of 
bulk  of  the  flowing  particles ;  that  is.  slight  expansion  or  con- 
traction.    A  simple  example  will  illustrate  this. 

Suppose  a  pipe  of  var3nng  cross-section  to  convey  in  steady 
flow  a  liquid,  or  a  gas,  at  practically  constant  density.  Then, 
since  the  same  amount  of  fluid  per  unit  time  passes  through  all 
segments  of  the  pipe,  evidently  the  flow  is  swifter  through  the 
narrow  sections  than  through  the  broad,  the  average  velocity  at 
each  part  of  the  pipe  being  inversely  as  the  cross-sectional  area 
of  tliat  part.  But  if  various  stream-lines  are  drawn  in  the  cur- 
rent they  will  crowd  together  in  the  narrow  parts  of  the  pipe 
and  separate  in  the  wider  parts,  thus  showing  the  relative  speed 
of  flow  from  point  to  point,  as  well  as  the  direction.  Further- 
more, stream-tubes  may  be  drawn  in  the  current,  their  walls 
being  composed  of  stream-lines,  or.  say,  delineated  by  them : 
'and  at  every  part  of  any  sucli  stream-tube,  supposed  very  narrow, 
the  velocitv  of  flow  is  inverselv  as  the  sectional   area   of   the 
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tube  at  that  part.  But  since  the  longitudinal  sections  of  the 
stream-tubes  portray  the  stream-lines,  these  latter  may  in  many 
cases  fairly  indicate  the  velocity  of  the  current,  being  near  to- 
eether  when  the  current  is  swifter,  and  vice  versa. 

Now,  as  any  given  particle,  or  small  mass  of  fluid,  moves 
along  stream,  its  txilk,  pressure,  and  level  ma}-  change,  as  well 
as  its  velocity.  Thus  work  may  be  spent  upon  the  particle,  both 
by  gravity,  in  accelerating  it,  and  by  the  surrounding  fluid  pres- 
sure, accelerating  or  compressing  it.  Hence,  in  case  little  or  no 
compression  occurs,  the  zi'ork  of  gravity  and  pressure  together^ 
equal  the  kinetic  energy  communicated  to  the  small  mass  of 
frictionless  fluid,  in  speeding  it  along  its  stream-line  in  the  steady 
current.  This  is  Bernouilli's  theorem  ^  on  the  flow  of  liquids, 
here  proved  on  the  assumption  that  a  particle  of  fluid  can  have 
an  increase  of  its  total  energy  only  from  external  agencies,  and 
by  no  means  of  its  own;  or,  in  other  words,  that  a  material 
system  cannot  increase  its  own  energv^,  which  is  but  a  statement 
of  the  well-known  principle  of  the  conservation  of  energy. 

Bernouilli's  theorem  is  much  used  in  the  practical  applications 
of  fluid  dynamics  in  science  and  engineering,  both  in  its  more 
general  form,  as  above,  and  in  simpler  forms.  Some  of  these 
will  follow  by  way  of  illustration.  But  first  we  may  notice  the 
quantitative  relation  between  speed  and  pressure  at  any  point 
along  a  stream-line. 

In  case  of  horizontal  flow  the  particle  is  accelerated  along 
stream  solely  by  the  difference  of  fluid  pressure  on  its  front  and 
rear.  Thus  it  gains  speed  in  the  direction  of  waning  pressure, 
so  that  where  the  pressure  is  least  the  speed  is  greatest,  and  the 
stream-lines  are  closest  together.  This  obviously  is  true  also  of 
down-sloping  stream-lines,  since  here  the  component  of  gravity 
aids  in  speeding  the  particle.  It  is  true  in  up-sloping  stream- 
lines if  the  fall  in  pressure  more  than  compensates  the  retarding 
influence  of  gravity.  Hence,  in  steady  motion  the  stream-lines, 
besides  accurately  indicating  the  velocity  and  direction  of  flow. 
fairly  indicate  also  the  pressure. 

The  stream-line  manifestations  are  very  instructive  where 
they  can  be  practically  observed,  either  on  a  diagram  or  in  a 
liquid  or  gaseous  current  rendered  visible  by  means  of  pivoted 

'Daniel  Bernoiiilli.  Hydrodyuauiica  Argenforafi,  1738. 
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vanes  or  drifting  particles.  Where,  for  example,  a  current  flows 
squarely  against  a  disc  well  submerged,  the  stream-lines  bend 
symmetrically  round  the  disc,  crowding  together  toward  its 
periphery,  but  widening  near  the  centre  of  the  disc,  thus  dis- 
closing the  fact  that  the  unit  pressure  is  greatest  at  the  centre 
of  the  disc  and  least  at  the  periphery.  Again,  if  a  fluid  flow 
from  one  large  chamber  to  another,  through  a  narrow  straight, 
the  stream-lines  crowd  together  in  the  passage,  showing  in- 
creased velocity  and  diminished  pressure. 

To  find  the  c|uantitative  relation  between  the  pressure,  depth, 
and  speed,  in  a  frictionless  fluid  of  given  density,  we  may  equate 
the  gain  of  kinetic  energy  of  a  small  unit  cube  of  the  fluid  to 
the  work  done  upon  it  by  gravity,  plus  the  work  done  by  the 
difference  of  pressure  on  its  front  and  rear  faces  in  accelerating 
it  along  stream.  Taking  each  in  turn,  we  note,  first,  that  the 
gain  of  kinetic  energy  of  the  unit  cube  equals  one-half  its  mass 
times  the  gain  of  its  velocity  square ;  secondly,  that  the  work 
of  gravity  equals  the  weight  of  the  cube  times  its  change  of 
level;  thirdly,  that  the  work  of  the  difference  of  pressure  on 
the  front  and  rear  of  the  cube,  in  pushing  it  from  one  point  to 
any  other  point  in  its  path,  equals  the  difTerence  of  hydrostatic 
pressure  at  these  two  points.  To  prove  this  third  afiimiation 
observe  that  while  the  unit  cube  moves  once  its  own  length  the 
pressure-work  done  upon  it  equals  the  difiference  of  pressure  fore 
and  aft  multiplied  by  one  unit  length  of  displacement ;  then,  as 
it  moves  again  its  own  length,  the  work  done  equals  the  new 
pressure  difTerence  multiplied  by  unit  length  of  displacement, 
and  so  on  as  the  small  unit  volume  traverses  successive  lengths 
of  itself  along  any  segment  of  the  stream-line.  Summing  all 
these  successive  products  of  the  pressure  difference  by  the  com- 
mon unit  length  gives  simply  the  total  pressure  difference  be- 
tween the  first  and  last  position  of  the  moving  particle,  as  a 
measure  of  the  work  spent  by  the  pressure  difference  on  the 
front  and  rear  faces  of  the  unit  cube  in  speeding  it  along  stream 
and  increasing  its  kinetic  energ}-.  This  is  obviously  true  when 
the  cube  of  incompressible  fluid  changes  length  in  moving  along 
the  stream-lina;  for  a  change  of  length  means  a  corresponding 
change  of  cross-section,  thus  leaving  the  resultant  pressure  differ- 
ence on  its  front  and  rear  faces  the  same,  assuming  the  pressure 
gradient  along  stream  to  be  finite.     Equating  the  first  work- 
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quantity  to  the  second  plus  the  third,  gives  the  analytical  re- 
lation sought.  This  relation  may  obviously  be  generalized  to 
cover  elastic  media,  by  writing  the  work  of  pressure  and  gravity 
equal  to  the  gain  of  kinetic  energy  plus  the  work  of  compression. 
In  order  to  translate  this  verbally  expressed  relation  into  a 
symbolic  formula,  or  equation,  let  p  be  the  constant  mass  of  the 
fluid  particle,  taken  as  a  unit  cube;  .?i,  s,  its  initial  and  final  dis- 
tance above  any  fixed  level;  p'^,  p,  the  initial  and  final  pressure 
on  its  face;  v^,  v,  its  initial  and  final  velocity,  as  it  traverses  any 
segment  of  a  stream-line.  Then  the  above  verbal  expression 
generalized  may  obviously  be  written : 


ip-p)  +  gP  {Zi-Z)  =    —  (u--7;i=) 
2 


in  which  the  first  term  is  the  difference  of  pressure  at  the  ends 
of  the  assumed  course  of  the  particle;  the  second  term  is  the 
work  of  gravity  upon  the  particle,  being  its  weight  times  its 
change  of  level;  the  third  term  is  the  gain  in  kinetic  energy, 
being  one-half  the  mass  times  the  increment  of  the  velocity 
square.  This  equation  is  Bernouilli's  analytical  expression  con- 
necting p,  z,  V,  P,  the  variable  pressure,  depth,  and  speed  of  a 
fluid  particle,  the  other  symbols  representing  fixed  and  given 
quantities.  A  few  simple  examples  will  show  its  usefulness, 
beginning  with  incompressible  fluids,  for  which  the  fourth  term 
of  the  equation  is  omitted,  being  zero. 

Let  it  be  required  to  find  the  speed  in  a  horizontal  stream 
of  water,  or  of  air,  at  practically  constant  density,  starting  from 
rest  in  a  chamber  at  constant  pressure  p^,  and  flowing  steadily 
through  a  narrow  channel  into  another  chamber  at  constant  pres- 
sure p.  Since  the  fluid  starts  from  rest  v-i=  0,  and  since  the 
flow  is  level  Zx  ^=  z;  thus  Bernouilli's  equation  gives  v^  =  2. 
(Pi — P)/P-  As,  in  this  expression,  all  the  quantities  except  v 
are  given,  the  velocity  is  determined. 

In  case  the  initial  pressure,  in  the  foregoing  example,  is  due 
solely  to  the  weight  of  the  fluid,  as  in  a  large  tank  of  liquid  in 
vacuo,  if  h  be  the  depth  of  the  narrow  straight  or  aperture,  then 
Pi=g  P  h;  and  if  the  flow  ends  in  vacuo,  p  =  o;  so  that 
Bernouilli's  equation  for  this  simple  case  is  z/^  =  2  g  h.  This 
value  of  the  velocity  of  discharge  is  the  same  as  that  of  a  body 
falling  freely  through  the  height  h;  and.  if  the  discharging 
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stream  be  directed  upward,  the  fluid  will  rise  to  the  level  of  its 
free  surface.  This  interesting  relation,  deduced  so  simply  from 
Bernouilli's  theorem,  as  a  very  specialized  case,  was  first  dis- 
covered experimentally  by  the  philosopher  Torricelli,  and  is  com- 
monly known  as  Torricelli's  theorem,  published  by  him  in  1643. 

The  above  deductions  from  pure  theory — that  is,  from  the 
mathematical  analysis  of  the  flow  of  a  frictionless,  or  hypo- 
thetical, fluid — have  been  tested  experimentally,  and  found  to 
give  satisfactorily  the  velocity  of  such  natural  fluids  as  air  and 
water  under  simple  conditions.  The  writer^  in  1902,  and  Eiffel 
in  1909,  made  a  careful  test  for  the  first  medium,  by  measuring 
the  speed  of  influx  of  air  from  a  room  into  a  chamber  at  reduced 
pressure  and  at  all  speeds  up  to  more  than  twenty-five  miles  an 
hour,  and  found  the  computed  speeds  to  agree  closely  with  the 
observed  ones.  The  speed  of  efflux  of  liquids  has  been  carefully 
determined  many  times  since  the  day  of  Torricelli,  sufficiently 
corroborating  his  conclusions  for  all  but  extreme  conditions.  It 
may  be  said  that,  for  both  cases  cited,  the  speed  of  efflux  is 
slightly  less  than  for  a  perfect  fluid — commonly  one  or  two  per 
cent,  less — owing  to  the  loss  of  kinetic  energy  by  friction  as  the 
fluid  particles  rub  the  channel  wall,  or  crowd  and  deform  each 
other,  thereby  doing  internal  work.  Of  course,  for  long  and 
tortuous  passages  the  formula  is  inapplicable  to  natural  fluids, 
because  of  friction. 

It  is  important,  also,  to  note  that  the  argument  by  which 
Bernouilli's  theorem  was  deduced  may  be  worded  so  as  to  apply 
to  a  fluid  mass  spending  its  kinetic  energy  in  overcoming  gravity 
and  the  difference  of  pressure,  front  and  rear,  as  it  flows  along 
stream  to  points  of  higher  level  and  pressure.  While  the  word- 
ing will  be  reversed,  the  symbolic  expression,  or  equation,  will 
remain  unaltered,  since  the  symbols  as  they  stand  are  perfectly 
general,  and  apply  to  both  accelerated  and  retarded  flow.  This 
generality  adds  to  the  usefulness  of  Bernouilli's  theorem. 

Suppose,  for  example,  that  a  horizontal  jet  or  current  of  air 
or  water  strikes  squarely  against  a  flat  surface,  and  it  is  required 
to  find  the  unit  pressure  of  the  fluid  at  the  centre  of  impact.  At 
this  point  the  speed  v  =  0,  while  in  the  unchecked  stream  p^  =  0: 


'  "  Measurement  of  Air  Velocity  and  Pressure,"  Physical  Reviezv,  Decem- 
ber, 1903. 
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and  everywhere  z  =  ^x,  so  that  BernouiUi's  equation  gives 
p=l>  V-/2  as  the  pressure  at  the  centre  of  impact.  Thus,  if  it 
struck  into  a  hole  in  a  tank,  it  would,  since  p=r  g  h,  balance  a 
fluid  practically  of  the  height  h  =  v-/2g  of  the  fluid  above  the 
aperture,  or  the  "  height  due  to  the  velocity."  ^  This  has  been 
proved  experimentally.  As  an  instance,  the  reader  may  be  re- 
ferred to  Mr.  W.  M.  White's  paper,  "  The  Pitot  Tube :  Its 
Formula,"  published  by  the  Association  of  Engineering  Societies, 
under  date  of  August,  1901. 

The  formula  p  =r  1^/2,  found  for  central  impactual  fluid 
pressure,  is  made  the  basis  of  the  pressure  tube  anemometer  and 
hydrometer,  instruments  for  measuring  the  speed  of  flow  of  air 
or  water,  and  commonly  called  the  Pitot  tube,  after  Pitot,  who 
first  devised  it.  If  an  open-mouthed  tube  is  held  along  stream — 
in  water,  for  example — so  as  to  receive  the  full  impact  of  the 
current,  and  if  the  resulting  increment  of  pressure  in  the  tube 
is  measured,  the  velocity  can  be  accurately  computed  from  the 
foregoing  formula  v^  =  2  g  h  =  2p/r>.  In  like  manner,  if  the 
excess  of  pressure  of  the  wind  blowing  squarely  into  the  hole,  as 
compared  with  the  pressure  in  the  unchecked  wind,  is  observed, 
the  wind-speed  can  at  once  be  calculated  by  the  same  formula. 

Many  other  examples  may  be  proposed  and  worked  out  to 
illustrate  the  use  of  BernouiUi's  equation  for  the  steady  motion 
of  a  frictionless  incompressible  fluid,  and  its  application  to  the 
flow  of  natural  liquids  and  gases,  under  conditions  involving 
only  slight  friction  and  change  of  density;  but  these  may  be 
left  to  the  reader's  fancy  or  requirements.  Further  treatment, 
also,  of  these  interesting  questions  may  be  found  in  any  thorough 
book  on  hydrodynamics,  such  as  the  elegant  English  treatise  of 
Prof.  Horace  Lamb. 

When  considerable  compression  or  expansion  occurs  in  the 
moving  fluid,  BernouiUi's  equation  may  still  be  applied,  but  only 
in  its  more  generalized  form  containing  a  fourth  term,  which 
expresses  the  work  done  in  altering  the  bulk  of  the  unit  cube  of 
the  fluid.  In  practice  the  equation  is  divided  by  r',  so  that  the 
fourth  term  is  the  work  done  in  compressing  the  volume  of  unit 
mass  of  the  fluid.     But  this  change  of  bulk  may  follow  any  one 


^The  height  due  to  the  velocity  is  the  height  to  which  a  free  body  rises 
when  started  vertically  upward  with  the  given  velocity. 
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of  a  myriad  laws  of  expansion.  Usually  some  law  is  given  or 
assumed.  Thus,  the  expansion  or  compression  may  occur  at 
constant  pressure,  constant  temperature,  constant  heat  content. 
If  the  pressure  is  constant  the  work  of  compression  is  obviously 
p  {V —  Fj),  or  the  pressure  times  the  change  of  volume  of  the 
unit  mass;  and  hence  this  expression,  or  its  equivalent  p  {1/  p  — 
1//O1) ,  must  be  used  as  the  fourth  term  in  Bernouilli's  more  gen- 
eral equation.  If  the  flow  occurs  at  constant  temperature  the 
work  of  compression  is  R  T  log  (p/Pi)  in  which  T  is  the  absolute 
temperature,  and  R  is  a.  constant  for  the  fluid.  This  expression, 
as  also  the  one  for  the  work  done  in  adiabatic  compression,  may 
be  found  duly  derived  in  any  adequate  treatise  on  heat-motors, 
or  on  thermodynamics  or  hydromechanics.  The  formulae  need 
only  be  referred  to  here,  being  too  abstruse  for  the  present  treat- 
ment. 

Thus  far  we  have  studied  the  motion  of  fluids  by  aid  of  the 
principle  of  the  conservation  of  energy,  and  by  its  means  have 
found  the  relation  between  the  pressure,  velocity,  and  density  at 
all  points  of  the  moving  fluid,  as  expressed  in  Bernouilli's 
theorem.  In  like  manner  we  may  obtain  many  useful  results 
from  another  fundamental  principle  of  physics,  known  as  the 
principle  of  the  conservation  of  momentum. 

Broadly  stated,  this  principle  asserts  that  a  system  of  bodies 

cannot  change  their  aggregate  momentum  by  mutual  action.    For 

example,   a  gun   throws   a  projectile  northward,   and   is   itself 

hurled  southward  with  equal  and  opposite  gain  of  momentum. 

The  earth  draws  an  apple  downward,  and  is  itself  drawn  upward. 

The  impulse  of  the  one  is  equal  to  and  opposite  the  impulse  of 

the  other,  being  measured  by  the  product  of  the  mass  into  its 

gain  of  velocity.     In  other  words,  the  velocities  gained  by  pro- 

pellant  and  propelled  are  inversely  as  their  masses.   Furthermore. 

since  the  gain  of  momentum  per  second  is  a  measure  of  the  force 

causing  it.  propellant  and  propelled  are  urged  apart  with  equal 

and  opposite  forces.     This  much  for  linear  motion ;    for  angular 

motion  a  like   relation  obtains.     The   angular  momentum   per 

second  communicated  is  equal  and  opposite  to  that  received,  and 

is  a  measure  of  the  angular  force,  or  torque,  causing  the  angular 

velocity.     What  has  been  said  of  the  generation  of  linear  and 

angular  momenta  applies  also  to  their  destruction.     It  take?  a 

given  force  as  long  to  stop  a  certain  free  motion  as  to  start  it. 
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Many  practical  problems  in  fluid  dynamics  may  be  solved 
directly  by  use  of  the  foregoing  principle.  If,  for  example,  a 
jet  of  air  or  water  issues  from  a  tank,  its  reaction,  or  back  pres- 
sure, on  the  tank  equals  the  momentum  per  second  communicated 
by  the  tank  to  the  jet,  or  the  mass  per  second  times  the  velocity. 
Likewise,  when  the  jet  strikes  squarely  on  a  plane  surface  and 
flattens  out,  losing  its  forward  velocity,  it  exerts  a  pressure  equal 
to  the  mass  per  second  of  the  impinging  fluid  multiplied  by  its 
speed.  Thus  if  p,  a,  v,  be  the  density,  sectional  area,  and 
velocity  of  a  jet,  its  reaction  against  the  tank  ejecting  it,  and 
the  pressure  against  a  normal  plane  stopping  it,  each  equals  in 
numerical  magnitude  t>a  v^ ,  this  being  the  product  of  the  velocity 
of  the  impinging  jet  multiplied  by  the  mass  per  second,  /'  a  v, 
of  fluid  delivered  by  it. 

In  particular,  if  the  jet  has  a  cross-sectional  area  of  one 
square  unit,  its  whole  impactual  pressure  against  the  plate  will  be 
f>  z'^ ,  providing  the  plate  be  broad  enough  to  stop  the  forward 
velocity.  This  total  pressure  of  the  flattening  jet  is  just  twice 
the  unit  pressure  at  the  centre  of  impact  as  previously  calculated. 
Hence,  if  the  plate  be  pressed  against  a  unit  orifice  in  a  tank,  it 
will  support  a  fluid  column  of  twice  the  "  height  due  to  the 
velocity,"  or  twice  the  height  of  the  source.  Putting  it  nu- 
merically, if  a  one-inch  stream  of  water,  from  a  tank  of  ten 
feet  head,  strikes  squarely  against  a  flat  plate  stopping  a  one- 
inch  hole  in  a  second  water  tank,  it  will  sustain  in  the  second 
one  a  head  of  nearly  twenty  feet.  This  phenomenon  may  be 
verified  experimentally,  and  is  sometimes  called  the  "  hydraulic 
paradox  "';•  because,  while  the  back  pressure,  or  reaction,  of  the 
stream  against  the  first  tank  equals  the  impact  pressure  against 
the  second,  the  water  level  is  twice  as  high  in  the  second  as  in 
the  first.  The  puzzle  is  resolved  by  noting  that  the  impact  on 
the  plate  is  sustained  by  just  one  square  inch  of  static  fluid  sur- 
face in  the  second  tank,  while  in  the  first  tank,  or  source,  the  issu- 
ing one-inch  jet  exerts  its  back  pressure  against  a  static  fluid  sur- 
face of  more  than  one  square  inch,  as  may  be  seen  by  tracing 
the  jet  back  into  its  source  to  where  it  comes  practically  to  rest. 
The  phenomena  may  be  varied  by  curving  the  periphery  of  the 
plate  so  as  to  make  the  stream  rebound,  thus  still  further  in- 
creasing the  impactual  pressure,  and  heightening  the  fluid  in  the 
second  tank.      Obviouslv,  the  fluid  in  the  second  tank  niav  be 
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sustained  at  any  height  whatever,  by  force  of  the  given  jet,  if 
the  given  plate  be  made  to  close  an  aperture  sufficiently  small. 
But  in  all  cases  it  must  be  noted  that,  as  formely  calculated, 
the  unit  pressure  at  the  centre  of  impact  equals  the  pressure 
of  the  source,  so  that  if  a  pin-hole  be  made  there  in  the  plate, 
the  level  in  the  second  tank  cannot  exceed  the  level  of  the  source. 
What  has  been  said  of  a  steady  horizontal  jet  issuing  from  a 
reservoir  may  be  affirmed  also  of  a  stream  hurled  from  a  pro- 
peller.    Its  reaction  on  the  propeller  equals  the  impulse  of  the 
stream  against  a  broad  normal  plane  which  just  stops  its  forward 
velocity;    while  both  reaction  and  impulse  severally  equal,   in 
numerical  value,  the  change  of  momentum  per  second  required 
to  maintain  or  stop  the  proi>eller  stream.     This  statement,  of 
course,  is  true  of  all  propellers.     But  in  applying  the  principle 
to  a  practical  case  there  is  need  of  precaution.     For  if  a  closed 
circulation  occur,  so  that  the  fluid  issuing  from  the  rear  of  the 
propeller  gradually  returns  to  its  front  and  passes  through  with- 
out being  started  from  rest,  or  practically  so,  the  formula  derived 
for  the  jet  is  not  precisely  applicable,  but  gives  an  excessive 
thrust.     In  a  small,  clear  room  the  circulation  may  be  so  free 
as  to  make  the  thrust  less  than  half  that  it  would  be  in  the  open. 
When  the  momentum  principle  is  employed,   the  propeller 
thrust  may  be  written,  R  =  m  v,  in  which  m  is  the  mass  of  fluid 
per  second  set  in  motion,  and  v  the  velocity  imparted.     This 
shows  that  the  propeller  thrust  increases  directly  as  the  velocity 
imparted  per  second  to  a  given  mass  of  fluid.     Accordingly, 
aeronauts   sometimes   think   it   advisable  to  hurl   the   air   with 
immen§e  speed.     They  might  not  be  so'  far  wrong  if  they  had 
unlimited  engine  power  free  of  cost.    But  the  formula  also  shows 
that  a  large  thrust  may  be  had  by  hurling  a  large  stream  at  slow 
velocity. 

The  principle  of  the  conservation  of  momentum  applies  in 
like  manner  when  a  stream,  instead  of  being  started  or  stopped, 
is  merely  diverted.  If  a  jet  of  velocity  v,  striking  an  oblique 
object,  like  the  curved  blade  of  a  turbine  or  water-wheel,  suffers 
a  loss  of  forward  velocity  represented  by  ^'j,  and  acquires 
a  lateral  component  of  velocity  7/0,  it  exerts  on  the  object 
a  forward  impulsive  pressure  s^  a  v.Vi,  and  a  lateral  pressure 
s'  a  v.v^.  ci  being  the  cross-sectional  area  of  the  jet;  while 
the  entire  impactual  force  against  the  diverting  surface  is  the 
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resultant  of  these  two  rectangular  components.  Obviously,  if  oc 
is  the  angular  deviation  of  the  jet,  its  lateral  gain  of  velocity  is 
V2='v sin X,  and  its  loss  of  forward  velocity  \svi  =  v  {1  —  cosaz) , 
this  latter  being  the  difference  between  the  velocity  before  im- 
pact and  the  forward  component  of  velocity  after  impact;  and 
these  values  of  Vi,  Vo,  substituted  in  the  foregoing  equations, 
give  the  rectangular  components  of  the  impulsive  pressure  of 
the  jet. 

As  a  practical  application  of  these  formulae,  if  the  stream 
from  a  propeller  encounters  a  large  aeroplane  surface,  or  sail 
arched  downward,  it  will  exert  a  lift  on  the  sail  whose  mag- 
nitude equals  the  down-increment  of  momentum  per  second,  and 
this  is  evidently  equal  to  the  whole  momentum  per  second  of 
the  propeller  stream  multiplied  by  the  sine  of  the  angle  of 
deviation.  The  maximum  lift  so  obtainable  is  therefore  not 
greater  than  the  propeller  thrust,  and  this  occurs  when  the 
stream  is  turned  straight  downward  with  unabated  velocity.  At 
the  same  time  the  drift,  or  rearward  pressure  on  the  aeroplane 
surface,  approximately  equals  the  propeller  thrust  multiplied  by 
one  minus  the  cosine  of  the  angle  of  deviation  of  the  stream, 
as  above  explained.  These  relations  should  have  due  considera- 
tion by  those  inventors  who  propose  to  lift  an  aeroplane  verticalh' 
in  space  by  directing  the  propeller  stream  against  its  wings. 
Doubtless  the  feat  is  physically  possible,  but  it  requires  far  more 
power  than  to  support  the  same  weight  in  the  customary  way, 
unless  the  wings  be  so  shaped  and  so  near  the  earth  as  practically 
to  imprison  the  air  beneath  them.  In  this  latter  case  a  small 
motor  could  lift  an  indefinitely  heavy  aeroplane. 

If  the  jet  impinge  on  a  flat  plane  of  inclination  cc  and  be  di- 
verted by  this  amount,  the  change  of  velocity  normal  to  the  plane 
is  obviously  v  sin  <x  and  the  consequent  impactual  unit  pressure 
is  p  rl^  sin  c/: 

So  much  for  the  theory  of  jets,  or  narrow  fluid  streams.  One 
naturally  inquires  what  is  the  whole  impactual  pressure  on  a  body 
immersed  in  a  very  large  stream  like  the  wind.  It  must  be 
said  that  no  satisfactory  general  analysis  of  the  resistance  of 
surfaces  submerged  in  natural  fluids,  under  ordinary  conditions, 
has  yet  been  worked  out,  so  that  the  only  reliable  resistance 
values  are  those  obtained  by  cautious  and  skilful  experimentation. 
For  a  fluid,  however,  composed  of  small  discrete  particles  widely 
separated,   whose  impact  occurs   without  mutual   influence,  the 


262  A.  F,  Zahm. 

pressure  can  be  computed  by  the  simple  method  employed  for 
the  narrow  jet  striking  a  broad  plate.  Such  a  fluid  was  hypothe- 
cated by  Sir  Isaac  Newton,  and  yielded  formulae  which  may  be 
fairly  true  for  very  rarefied  gases,  but  which  in  general  are  far 
from  true  for  fluids  under  ordinary  pressures. 

In  the  Newtonian  analysis  each  filament  of  the  fluid  stream 
is  assumed  to  encounter  the  submerged  obstacle  uninfluenced  by 
any  other  filament.  If  the  impact  is  perfectly  inelastic,  the 
particles  lodge  or  flatten  out  on  the  submerged  obstacle*;  if  it  is 
perfectly  elastic  they  rebound  with  unabated  speed,  but  with 
altered  direction.  In  either  case  the  whole  pressure  of  impact, 
and  the  exact  stream  paths,  can  be  readily  calculated  for  any 
given  form  of  geometrical  surface  by  treating  each  filament 
separately  and  summing  the  effects  of  all. 

Consider  a  submerged  plane  surface.  If  a  plane  is  set 
normally  in  such  a  current  it  sustains,  on  each  square  unit  of 
its  surface,  a  pressure  equal  to  p  v^,  since  each  unit  of  surface  is 
bombarded  by  an  independent  jet,  delivering  p  v  units  of  fluid 
mass  per  second  against  the  plane,  and  each  unit  mass  suffers 
a  change  of  velocity  v,  assuming  perfect  inelasticity.  The  whole 
resistance  of  the  stream  is  therefore  p  a  v^,  a  being  the  area  of 
the  plane,  which  expression  has  the  same  form  as  that  for  a 
single  fluid  jet.  If  the  plane  is  more  and  more  inclined,  fewer 
filaments  strike,  and  each  with  an  impact  softened  by  the 
obliquity;  but  the  impactual  pressure  is  easily  computed  by 
taking  account  of  the  angular  deviation,  as  explained  for  a  single 
jet.  For  perfectly  elastic  impact  the  resistance  is,  of  course, 
twice  that  for  inelastic  impact,  since  the  change  of  velocity 
component  normal  to  the  plane  is  twice  as  great  for  elastic  as 
for  inelastic  impact,  the  component  velocity  parallel  to  the  plane 
having  evidently  no  influence  on  the  impactual  pressure,  since 
it  remains  unaltered  and  occasions  no  change  of  momentum  in 
the  impinging  stream.  Thus  for  a  plane  of  area  a  and  inclina- 
tion oc  the  sectional  area  of  the  intercepted  stream  is  asinx  , 
the  unit  pressure  for  inelastic  impact  is  rv^sincc  ,  and  the 
whole  pressure  is  rav'^sin^cc  . 

In  a  similar  way  the  flow  and  resistance  may  be  found  for 
spheres,  cones,  ellipsoids,  and  other  geometrical  forms.  In  all 
these  it  will  be  observed  that  the  particles  strike  only  the  front 
surface,  where  they  lodge  or  else  rebound,  then  speed  away 
without  touching  the  rear  or  exerting  pressure  upon  it.     Such 
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effect  may  occur  in  the  highly-rarefied  atmospheres  of  planets 
when  struck  by  meteorites,  and  less  fully  in  the  motions  of 
very  high-speed  projectiles,  which  are  immediately  followed  by 
a  rarefied  and  feeble  wake.  In  general,  if  the  rear  pressure  can 
be  neglected,  the  resistance  of  a  given  object  can  be  said  to  vary 
directly  as  the  square  of  the  velocity;  for  it  is  measured  by 
the  mass  per  second  of  fluid  disturbed  times  the  velocity  of 
disturbance,  thus  involving  the  velocity  to  the  second  power,  as 
in  the  case  of  the  normal  plane  above  considered. 

A  numerical  value  of  the  atmospheric  resistance  to  a  normal 
plane  may  be  derived  from  the  foregoing  formula  p  a  v^,  and 
is  of  some  historical  interest.  Writing  the  density  p,  of  the  air 
equal  to  one-thirteenth  of  a  pound  per  cubic  foot,  and  a  equal  to 
one  square  foot,  the  pressure  per  square  foot  becomes  ^^/i3 
poundals,  in  which  v  is  the  velocity  in  feet  per  second.  Expressed 
in  pounds  force  and  miles  per  hour,  the  resistance  per  square 
foot  is  easily  found  to  be  v^/200.  This  value  is  sometimes  given 
in  text-books,  and  is  said  to  have  been  found  experimentally  by 
certain  early  investigators,  but  is  now  known,  from  more  accurate 
measurements,  to  be  some  fifty  per  cent,  greater  than  the  true 
value.  In  passing  it  may  be  observed  that  the  above  formula  is 
valid  in  case  the  normal  plane  be  surrounded  by  a  sufificiently 
broad  guard-ring  and  the  rear  pressure  remain  constant,  as 
when  a  vertical  stream  of  water  falls  on  a  level  plate. 

Further  treatment,  both  theoretical  and  numerical,  as  well  as 
experimental,  of  the  resistance  of  submerged  objects  having 
impactual  pressure  solely  on  the  front  surface,  may  be  found 
in  Newton's  Principia.  For  the  analytical  discussion,  illustrated 
by  numerical  computation  and  compared  with  experiment, 
giving  the  resistance  of  bodies  when  the  impactual  fluid  pres- 
sures on  both  front  and  rear  are  taken  into  account,  the 
reader  may  refer  to  Colonel  Duchemin's  work^  on  the  laws 
of  resistance  of  fluids.  His  general  equation  for  the  result- 
ant impactual  pressure  on  any  blunt  body,  or  any  plane 
surface  moving  normally  through  the  air,  is,  for  ordinary 
speeds  of  transportation,  k  ?  a  v- ,  in  which  ^  is  a  numerical 
constant  for  the  given  surface,  and  is  known  as  the  coefScient 
of  resistance,  or  constant  of  figure.  For  higher  speeds  he  obtains 
a  formula  involving  both  the  square  and  cube  of  the  speed. 

*  Lois  de  la  Resistance  des  Fluids. 
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We  now  have  touched  Hghtly  on  some  of  the  most  elementary 
topics  in  the  extensive,  not  to  say  formidable,  science  of  fluid 
dynamics.  Fortunately,  they  are  also  among  the  most  interesting 
topics,  and  the  most  valuable  for  practical  use.  By  the  aid  of 
analytical  machinery  too  elaborate  for  the  scope  of  this  work, 
other  principles  and  conclusions  may  be  derived,  at  once  enter- 
taining and  important  when  duly  applied.  But  it  will  be  suffi- 
cient merely  to  state,  without  proof,  some  well-established 
theorems  on  the  flow  and  resistance  of  a  perfect  fluid  about 
various  familiar  geometrical  forms. 

In  general  it  may  be  said  that  a  frictionless  incompressible 
fluid  of  infinite  extent,  flowing  steadily  and  irrotationally  past  a 
body  of  whatever  shape,  encounters  no  resistance,  and  exerts  no 
resultant  pressure  upon  the  body,  but  presses  it  equally  on  both 
front  and  rear.  This  is  true  not  only  of  fair  shaped  objects,  like 
the  torpedo  and  the  two-edged  sword,  but  of  angular  and  flat 
forms  as  well,  such  as  the  cube  and  nonnal  plane.  The  proposi- 
tion has  been  affirmed  also  of  natural  fluids  flowing  past  objects 
of  easy  shape,  by  certain  well-known  writers,  assuming  the  sur- 
face friction  of  such  bodies  to  be  negligible.  But  the  proposition 
is  untrue  in  theory,  and  disproved  by  experiment.  Theory  shows 
that  no  viscous  fluid  can  flow  without  resistance  past  any  geomet- 
ric solid,  even  though  perfectly  smooth;  and  experiment  shows 
that  all  such  bodies  offer  both  head  resistance  and  skin-friction. 
It  is  evident  without  computation  that  viscous  fluids  must  en- 
counter some  resistance  in  flowing  about  solids,  however  smooth, 
because  the  stream-lines  crowd  each  other,  and  adjacent  fluid 
filaments  run  at  different  speeds,  thus  generating  internal  friction 
and  consuming  energy,  which  can  be  derived  only  from  the 
resultant  pressure  of  the  immersed  object.  It  may  be  inferred, 
however,  that  when  the  motion  is  so  extremely  slow  that  the 
frictional  effect  is  negligible  the  viscous  fluid  behaves  sensibly 
like  a  perfect  one. 

Another  general  theorem  asserts  that  when  the  above  h}TX>the- 
cated  frictionless  fluid  moves  past  a  solid  with  accelerated  speed, 
or  when  the  solid  moves  with  accelerated  speed  through  the 
quiescent  fluid,  there  is  always  a  resistance,  and  this  is  directly 
proportional  to  the  acceleration.  Commonly  the  fluid  resistance, 
in  accelerated  motion,  can  be  expressed  by  merely  endowing  the 
moving  object  with  a  certain  additional  mass,  and  writing  its 
impulsive  resistance  equal  to  the  product  of  this  additional  mass 
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multiplied  by  its  acceleration;  entirely  ignoring  the  pressure  of 
the  fluid.  For  a  sphere  the  additive  mass  is  half  that  of  the 
displaced  fluid ;  for  a  circular  disc  moving  normally  it  is  slightly 
over  five-eighths  of  the  fluid  mass  displaced  by  a  sphere  of  equal 
diameter;  for  a  circular  cylinder  moving  transversely  it  is 
exactly  the  mass  of  the  fluid  displaced;  for  an  elliptic  cylinder 
it  is  the  same  as  for  a  circular  one  whose  diameter  equals  the 
major  or  minor  axis,  whichever  is  placed  transversely  to  the 
line  of  motion.  In  each  case  the  additive  mass  of  the  moving 
object  multiplied  by  the  acceleration  gives  the  fluid  resistance; 
but,  of  course,  to  find  the  whole  resistance  to  acceleration,  due 
to  the  inertia  of  both  the  body  and  the  medium,  the  mass  of  the 

Fig.  I. 


body  itself  must  be  combined  with  the  fictitious  additive  mass, 
which  latter  represents  only  the  equivalent  of  fluid  resistance. 
For  example,  the  resistance  of  a  sphere  is  (ni  -\-  m')  j,  in  which 
m  is  the  mass  of  the  sphere,  m'  is  half  the  mass  of  the  fluid  dis- 
placed, and  /  is  the  acceleration  of  the  moving  sphere. 

Enough  has  been  said  to  show  that  the  equivalent  inertia  of 
a  solid  accelerating  through  a  fluid  is  very  material,  if  its  density 
and  that  of  the  fluid  are  at  all  comparable.  Due  account  of  this 
fact,  therefore,  should  be  taken,  in  studying  the  resistance  of 
natural  fluids  in  unsteady  motion,  or  of  objects  accelerating 
through  such  fluids.  Unfortunately,  this  is  not  always  done, 
even  by  fastidious  experimentalists. 

The  stream-lines  of  the  hypothetical  fluid  under  consideration, 
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as  it  flows  steadily  past  opposing  objects,  have  been  determined 
mathematically  for  various  geometrical  forms,  and  graphically 
outlined  for  a  number  of  interesting  cases.     Figs,    i,  2  and  3 


Fig.  2. 


represent  respectively  the  stream-lines  round  a  sphere,  a  circular 
disc,  and  a  circular  cylinder  of  infinite  length,  each  moving 
through  the  fluid.  The  stream-lines  for  limpid  natural  fluids 
are  of  similar  character,  except  in  the  immediate  rear  of  the 

Fig.  3. 


moving  objects,  where  a  turbulent  wake  occurs,  and  at  sharp 
turns  and  angles  which  produce  eddies  on  the  sides  and  rear. 
Also  it  may  be  noted  that  for  elastic  fluids  the  maximum  de- 
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flection  of  the  outer  stream-lines  cannot  occur  opposite  the 
widest  section  of  the  obstacle,  but  occurs  farther  to  the  rear, 
some  time  being  required  to  carry  the  impulse  outward.  This 
will  be  seen  in  the  stream-line  figures  obtained  experimentally. 

The  theoretical  stream-lines  for  a  sphere,  a  circular  cylinder, 
and  an  inclined  plane,  each  held  stationary  in  the  medium,  are 
shown  in  Figs.  4,  5  and  6.     In  both  front  and  rear  of  each  there 

Fig.  4. 


is  a  median  stream-line,  abutting  squarely  upon  it  at  the  point 
of  greatest  pressure,  and  separating  the  main  parts  of  the  current. 
For  the  inclined  plane  the  points  of  abutment  are  not,  in  general, 
at  the  centres  of  pressure,  but  nearer  the  edges  than  these  are. 
Needless  to  say  that  the  resultant  pressure  is  in  front  of  the 

Fig.  5. 


centre  of  surface,  so  that  an  inclined  plane  tends  to  set  itself 
squarely  to  the  current,  if  pivoted  at  the  centre  of  surface. 


DYNAMICS  OF  VISCOUS   FLUIDS. 


The  general  equations  of  motion  of  a  viscous  fluid  have  the 
same  form  as  those  representing  the  motion  of  a  frictionless 
fluid,  except  for  the  addition  of  terms  involving  the  coefficient  of 
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viscosity.  This  coefficient  represents  a  physical  quantity  which 
has  been  accurately  determined  for  many  fluids  by  exact  measure- 
ment. It  is  sometimes  also  termed  the  coefficient  of  internal 
friction.  When  the  velocity  varies  from  stratum  to  stratum  in  a 
viscous  fluid,  the  unit  shearing  stress  on  the  face  of  any  thin 
lamina  taken  parallel  to  the  flow,  varies  directly  as  the  fluid 
velocity  gradient  taken  squarely  across  the  lamina.  The  ratio  of 
this  stress  to  the  gradient  is  called  the  coefficient  of  viscosity. 
In  other  words,  the  shearing  stress  in  a  viscous  fluid  is  pro- 
portional to  the  rate  of  shearing  strain,  and  the  factor  of  pro- 
portionality is  called  the  coefficient  of  viscosity. 

In  a  perfect  fluid  moving  without  compression  no  heat  is 
generated,  however  its  particles  may  suffer  change  of  shape. 
But  in  a  viscous  fluid  all  changes  of  shape  of  the  particles,  as 
well  as  all  compression,  require  the  expenditure  of  work,  and 

Fig.  6. 


cause  the  development  of  heat  within  the  fluid.  All  such  changes 
of  shape,  therefore,  result  in  the  dissipation  of  energy.  This 
means  that  the  only  condition  under  which  a  viscous  fluid  of 
constant  bulk  can  move  without  dissipation  of  energy  by  internal 
friction  is  that  there  must  be  nowhere  any  extension  or  con- 
traction of  its  linear  elements.  In  other  words,  the  motion  must 
consist  of  a  translation  and  a  rotation  of  the  mass  as  a  whole, 
as  in  the  case  of  a  rigid  body.^ 

In  all  cases  of  motion,  therefore,  of  a  solid  through  a  natural 
fluid,  whether  at  constant  or  at  variable  velocity,  resistance  is 
encountered,  and  energy  must  be  expended  in  propulsion.  This 
is  true  even  of  an  infinitel}'^  thin  material  plane  moving  edge- 
wise, for  if  the  fluid  slips  along  the  laminar  surface  it  offers 
sliding  resistance,  while  if  it  adheres  to  the  lamina  it  still  offers 
resistance  due  to  the  internal  friction  between  the  adherent  layer 

'Lamb,  "Hydrodynamics,"  1906,  p.  541. 
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of  fluid  and  the  stratum  adjacent,  the  whole  neighboring  part  of 
the  fluid  suffering  lamellar  strain.  Both  cases  of  motion  are  of 
interest  in  aerodynamics,  that  in  which  the  surface  slip  is  in- 
appreciable, and  that  in  which  it  is  pronounced.^  The  first  con- 
dition is  usually  assumed  in  the  analytical  treatment  of  problems 
in  viscous  fluid  dynamics.  Of  the  many  problems  so  treated  only 
a  few  are  of  sufficient  interest  to  be  noticed  here;  and  only  the 
results  of  their  solution  can  be  expressed  in  elementary  form. 
These  may  be  briefly  presented. 

The  resistance  of  a  sphere  translated  at  constant  speed 
through  an  infinite  incompressible  viscous  fluid  has  been  de- 
termined for  the  case  in  which  its  radius  and  speed  are  so  small 
as  to  make  the  inertia  eft'ect  negligible  by  comparison  with  the 

Fig,  7. 


viscous  effect.     The  expression  found  for  the  resistance  takes 
the  simple  form :  "^ 

i?=  67V  fiaU 

in  which  a  is  the  radius  of  the  sphere,  U  is  the  velocity,  and  ,« 
is  the  coefficient  of  viscosity.  The  stream-lines  caused  by  the 
translation  of  the  sphere  are  as  shown  in  Fig.  7.  The  equation 
is  applicable  to  the  case  of  fine  sand  falling  in  water, 
or  to  fine  mist  or  dust  falling  in  air,  but  is  not  applicable  to  bul- 
lets or  larger  bodies,  moving  at  a  considerable  rate  of  speed. 
The  rate  of  flow,  Q,  of  a  liquid  through  a  tube,  with  no 

*  Some  writers  have  questioned  whether  slipping  occurs  between  a  solid 
and  fluid  in  relative  motion;  but  the  fact  that  fine  snow-flakes  slide  rapidly 
over  smooth  ice,  due  to  the  wind,  seems  to  manifest  slipping  between  the 
air  and  ice.  Marey's  wind-tunnel  experiments  furnish  like  evidence  of  slip- 
ping between  air  and  solid  surfaces. 

^  Lamb,   "  Hydrodynamics,"   1906  Ed.,  p.   553. 
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slipping  at  the  wall,  is  given  by  the  expression 

Q  =  caKpv-p^ll 

in  which  a  is  the  radius  of  the  pipe,  /?i  —  p2  is  the  fall  of  pressure 
in  the  length  /_,  and  c  is  a  constant  of  the  value  tt  /8/^.  Thus  the 
rate  of  flow  through  a  tube  varies  as  the  fourth  power  of  its 
diameter,  as  the  pressure  difference  at  its  two  ends,  and  inversely 
as  its  length.  Since  every  quantity  in  this  equation  can  be 
measured,  except  c,  the  expression  may  be  used  to  find  c,  and 
thence  the  coefficient  of  viscosity.  The  equation  exactly  expresses 
the  laws  found  experimentally  by  Poiseuille  in  his  researches  on 
the  flow  of  water  through  capillary  tubes. 

For  the  case  of  accelerated  motion  of  a  viscous  fluid  the  mass 
times  the  acceleration  of  a  small  element  of  a  stratum  in  laminar 
flow  may  be  equated  to  the  resultant  shearing  stress  on  its  faces, 
if  the  pressure  gradient  in  the  direction  of  motion  be  ignored.  In 
this  way  the  tangential  resistance  of  a  solid  cylinder  rotating  in 
an  extended  stagnant  viscous  fluid  which  adheres  to  it  has  been 
computed  by  Dr.  Carlo  del  Lungo.^  He  finds  for  the  unit 
tangential  surface  stress  R,  the  value 


in  which  11  is  the  velocity  of  the  solid,  d  is  the  density  of  the 
fluid,  and  t  is  the  time  estimated  from  the  beginning  of  the 
rotation.  Applying  this  result  to  compute  the  frictional  resistance 
of  a  thin  material  plane  of  length  /,  width  a,  and  area  S  =  al, 
Lungo  obtained  for  the  total  friction  F,  on  one  side  of  the  plane 


which  can  be  written  more  simply  in  the  form 

F  =  cu'-H-^ 

From  this  he  concludes  that  the  skin-friction  of  fair-shaped 
bodies  should  vary  approximately  as  the  3/2  power  of  the  speed 
and  the  3/2  power  of  the  length.  A  like  equation  obtained  by  a 
different  mathematical  process  was  published  later  by  F.  W. 
Lanchester.* 

^  Sulla  Resistensa  D'Attrito  fra  Solidi  e  Liquidi,  Revista  Tecnica,  Anno  V. 
Fasciolo  6. 

'  "  Aerodynamics,"  London,   1908. 


THE    PRACTICAL   APPLICATION    OF    SCIENTIFIC 
MANAGEMENT  TO  RAILWAY  OPERATION. 

BY 

WILSON  E.  SYMONS, 

Chicago,  111. 

(Discussion  continued.) 

AIr.  Frank  B.  Gilbreth. — It  is  exceedingly  appropriate 
that  the  Franklin  Institute  and  the  American  Society  of 
Mechanical  Engineers  should  hold  a  joint  meeting  at  Philadel- 
phia for  the  discussion  of  the  practical  application  of  Scientific 
Management  to  the  operation  of  railways,  because,  first,  the 
Franklin  Institute  has  a  long  record  of  pioneer  investigation  in 
the  great  national  problems;  second,  the  important  papers  on 
management  have  been  presented  before  and  can  be  found  in 
the  Transactions  of  the  American  Society  of  Mechanical  En- 
gineers; and,  third,  Messrs.  Taylor,  Dodge,  Day,  Tabor,  Hath- 
away, Lewis,  and  Cooke — pioneers  in  efficient  management — 
are  all  Philadelphians. 

There  can  be  no  question  that  American  railroads  are  efficient, 
especially  efficient  from  the  standpoint  of  all  that  has  usually 
been  considered  good  railroad  management;  but,  as  has  already 
been  stated  by  me  when  I  was  subpoenaed  before  the  Interstate 
Commerce  Commission  at  Washington  and  Mr,  Brandeis  cross- 
questioned  me,  I  believe  that  the  railroads  will,  without  a  doubt, 
be  much  more  efficient  when  they  adopt  the  Taylor  plan  of 
Scientific  Management. 

Although  I  have  personally  been  engaged  in  some  work  on 
railroads,  I  have  not  sufficient  data  on  which  to  base  an  opinion 
as  to  the  amount  of  money  that  it  is  possible  for  the  railroads 
to  save  per  day  should  they  all  adopt  the  Taylor  plan  of  manage- 
ment. I  have  no  knowledge  of  the  Santa  Fe,  except  as  a 
passenger. 

There  is  no  reason  to  doubt  that  the  railroads  would  be 
able  to  pay  larger  wages  to  all  employees,  and  have  still  more 
earnings  for  dividends  and  improvements,  if  they  should  adopt 
the  Taylor  plan  of  management,  and  I  feel  sure  they  will  adopt  it 
sooner  or  later.  The  history  of  railroading  in  America  shows 
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that  the  managers  have  not  always  adopted  improvements  at 
first  sight,  but  that  they  have  usually  adopted  the  best  procur- 
able sooner  or  later. 

Now,  there  are  other  factors  that  will  delay  the  general 
adoption  of  Scientific  Management  by  the  railroads  besides  the 
time  necessary  to  convince  the  railroad  managers  and  their  em- 
ployees that  the  Taylor  plan  of  management  is  not  like  any  of 
the  old,  unfair,  "  bonus  schemes,"  but  is  founded  on  the  Golden 
Rule,  and  is  the  one  plan  that  will  raise  wages  and  reduce  costs 
simultaneously.  One  of  the  causes  for  delay  of  adoption  is  the 
great  cost  of  the  duplication  of  the  work  of  estabHshing  ultimate 
standards  of  Scientific  Management,  if  all  railroads  were  each 
to  do  that  work  independently,  simultaneously. 

It  would  seem  that  Mr.  Symons,  though  he  be  recognized 
as  a  railroad  expert,  is  not  at  all  familiar  with  Scientific  Manage- 
ment when  he  "  disposes  "  (see  page  13)  of  16  classes  of  the  18 
classes  into  which  he  divides  railroad  employees,  and  then  ap- 
parently doubts  the  possibility  of  applying  Scientific  Manage- 
ment to  the  last  two. 

If  the  Taylor  plan  of  Scientific  Management  is  to  be  ap- 
plied, it  is  for  all  and  not  for  a  few;  for  the  greatest  economy 
and  efficiency  it  should  apply  to  and  govern  all,  from  the  highest 
of  the  managers  to  the  lowest  of  the  employees.  We  have 
applied  it  with  a  large  increase  of  efficiency  to  office  employees 
as  well  as  to  those  doing  manual  labor. 

Mr.  Symons  excludes  locomotive  repairs  in  the  following 
words :  "  The  character  of  repairs  made  necessary  by  the  fore- 
going conditions  renders  it  absolutely  essential  to  successful 
operation  that  both  the  foreman  in  direct  charge  of  each  opera- 
tion, and  the  mechanic  who  is  actually  performing  the  work, 
shall  not  only  be  permitted  but  required  to  bring  into  use  their 
mechanical  skill  and  judgment,  which,  under  the  proposed  plan 
of  '  scientific  management,'  they  would  be  prevented  from 
doing."  There  is  nothing  under  the  Taylor  plan  that  does  not 
apply  to  repairs.  In  fact,  it  would  be  but  fair  for  anyone  to 
concede  that  any  man  who  has  made  the  remarkable  mechanical 
inventions  that  Dr.  Taylor  has  made,  who  has  had  the  remark- 
able opportunities  of  education,  training,  general  and  specialized 
experience,  and  travel  that  he  has  had,  would  never  for  a  moment 
advocate  any  plan  of  management  that  did  not  apply  to  anything 
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so  perfectly  obvious  as  repair  work.  A  little  more  than  a  mo- 
ment's consideration  will  serve  to  remind  anyone  that  the  more 
difficult  the  problem  confronted,  and  the  more  unexpected  the 
conditions,  and  the  more  the  problem  differs  from  standard, 
the  greater  will  be  the  necessity  for  the  work  to  be  planned  by 
the  man  best  fitted  by  experience  and  special  training,  assisted 
by  the  command  and  use  of  records  of  previously  standardized 
elements  of  all  previous  similar  jobs,  to  determine  what  shall  be 
done,  and  to  prescribe  the  exact  quality  of  workmanship  with 
which  it  shall  be  done. 

The  entire  jobs  may  be  very  seldom  alike,  but  the  number 
of  their  elements  which  differ  are,  by  comparison,  very  few. 

Mr.  Symons's  fears,  as  shown  in  his  statement :  *'  Such  a 
system  would  have  a  tendency  to  discourage  both  men  and  of- 
ficers from  that  personal  initiative  essential  to  a  strong,  cificient, 
and  economical  organization,"  are  not  borne  out  'in  practice, 
as  can  be  seen  daily  in  the  two  most  highly  systematized  shops 
in  the  world — the  Tabor  Manufacturing  Company  and  the  Link- 
Belt  Company,  both  of  which  happen  to  be  right  here  in  Phila- 
delphia. 

In  my  own  experience,  I  have  never  seen  a  case  where  a  fore- 
man or  workman  has  had  his  personal  initiative  discouraged, 
but,  on  the  contrary,  I  have  seen  hundreds  of  men  delighted  with 
the  fairer  treatment,  higher  wages,  better  conditions,  and  more 
definite  recognition  of  their  individual  merits. 

The  recommendation  of  Mr.  Symons  on  page  19  is  achieved 
by  Scientific  Management  better  than  in  any  other  way,  be- 
cause the  measured  output,  task,  or  piecework  plan  is  determined 
by  the  one  and  only  fair  method,  namely,  time  study,  which 
is  based  upon  scientifically  derived  fundamentals,  makes  allow- 
ance for  the  human  element — the  variations  and  differences  of 
individuals — and  makes  due  allowances  for  unavoidable  delays 
and  for  overcoming  fatigue.  For  example,  the  allowance  for 
rest  for  overcoming  fatigue  is  never  less  than  10  per  cent.,  and. 
for  some  kinds  of  work,  more  than  50  per  cent,  of  the  entire 
working*  day. 

Without  time  study,  Mr.  Symons's  piecework  prices  can 
never  be  set  "  fair  and  just  alike,  first,  to  the  men,  and,  second, 
to  the  company."  Without  time  study  it  will  ever  be  necessary 
for  the  worker  to  dawdle,  and  soldier,  to  protect  his  best  inter- 
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ests  (see  professional  papers  Nos.  647,  928,  1003,  of  the  Ameri- 
can Society  of  Mechanical  Engineers,  also  "  Principles  of  Scien- 
tific Management,"  pubhshed  by  Harper  &  Bros.). 

Without  time  study  as  a  preliminary  in  standardizing  ele- 
ments and  operations  the  ''  measured  output  "  will  be  an  unfair 
gauge  to  effort  or  to  efficiency,  because  the  workman  cannot  be 
furnished  with  continuous  conditions  such  as  affect  the  supply 
of  materials,  or  conditions  of  machinery,  or  "  working  oppor- 
tunity." 

Our  work,  while  not  the  operation  of  a  railroad,  is  the 
handling  of  mechanics  and  laborers  in  many  of  the  trades  of 
building  construction,  and  offers  probably  as  many  difficulties 
as  does  the  handling  of  railroad  employees.  We  have  always 
succeeded  in  greatly  reducing  production  costs  and  time  of  con- 
struction, and  raising  laborers'  and  mechanics'  wages  from  30 
to  100  per  cent,  simultaneously  by  the  installation  of  the  Taylor 
system. 

Mr.  Symons's  conclusions  are  not  well  founded,  if  he  thinks 
that  the  Taylor  plan  of  management  entails  putting  men  "  un- 
familiar with  the  practical  operation  of  a  railway  "  in  charge 
of  its  management. 

H.  K.  Hathaway,  vice-president  of  the  Tabor  Manufacturing 
Company,  one  of  the  best  known  of  the  Taylor-trained  man- 
agers, says,  in  Engineering  Magazine,  April,  191 1,  speaking  of 
the  men  who  should  develop  Scientific  Management : 

"These  men  should  be  selected  from  the  existing  force 
wherever  possible,  and  in  case  they  are  not  available,  and  it  is 
necessary  to  bring  in  new  men,  they  should  be  directly  in  the 
employ  of  the  company,  and  not  in  that  of  the  systematizer. 
This  is  almost  imperative  if  the  work  done  is  to  be  of  a  permanent 
character.  If  new  men  must  be  brought  in,  it  should  be  done 
some  time  before  the  active  development  of  the  system  is  started, 
so  that  they  will  have  ample  time  to  become  familiar  with  the 
plant  and  its  output,  and  get  acquainted  with  the  other  employees. 
These  men  should  be  started  as  workmen." 

The  Taylor  plan  in  no  way  proposes  to  eliminate  the  present 
efficient  workers.  It  protects  such  as  these,  and  insures  them  a 
better  and  more  agreeable  job.  They  are  invariably  in  favor  of 
the  new  way  when  they  have,  by  personal  experience,  discovered 
that  the   fears   that  have  been   roused   in   them  by  those  who 
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have  not  worked  under  the  Taylor  system,  and  have  therefore 
led  them  to  beheve  that  it  is  simply  a  new  scheme  of  the  em- 
ployers to  flimflam  the  employees,  are  not  well  grounded. 

There  must  be  employed,  however,  at  the  beginning,  and 
until  the  managers  and  functional  foremen  have  been  taught 
their  new  duties  and  until  the  system  is  self-perpetuating,  scien- 
tific managers  who  can  teach  the  foremen  and  the  men  their 
duties. 

The  difficulty  of  obtaining  the  right  men  with  the  proper 
training  and  knowledge,  coupled  with  the  time  and  expense  of 
duplication  of  the  work  of  collecting  motion  study,  time  study, 
and  other  data  of  the  trades,  analyzing  the  data,  building  up 
methods  of  least  waste  synthetically,  establishing  standards,  re- 
classifying and  dividing  and  assigning  functions  of  manage- 
ment, and  then  converting  and  teaching  the  workmen  mi)  That  it 
is  good  for  them,  and  (2)  How  to  perform  their  new  duties, 
makes  it  impracticable  for  a  railroad  or  any  other  organization 
to  do  its  own  pioneer  work. 

There  are  no  "  non-productive  men  "  unless  those  that  "  plan 
more  than  they  perspire  "  are,  on  account  of  that  fact,  called 
non-productive. 

All  those  who  have  investigated  the  conditions  agree  that 
railroad  employees  are  not  receiving  as  large  wages  as  they 
should,  and  also  that  at  present  those  best  informed  in  the  man- 
agement of  railroads  claim  that  they  cannot  increase  the  em- 
ployees' wages  under  existing  conditions. 

Dr.  Taylor's  plan  of  management  has  invariably  raised  wages 
and  reduced  production  costs  simultaneously.  Organizations 
operating  under  it  have  never  once  had  a  strike  of  their  em- 
ployees, after  it  has  been  installed  long  enough  for  them  to 
understand  its  workings.  Why  not  take  the  time  to  investigate 
thoroughly?  The  best  place  is  right  here  in  Philadelphia,  at 
the  Tabor  Manufacturing  Company  and  at  the  Link-Belt  Com- 
pany. A  proper  appreciation  cannot  be  had  by  merely  walking 
through  the  shops.  The  subject  must  be  studied  like  any  other 
scientific  subject. 

What  better  work  can  the  Franklin  Institute  do  than  to 
encourage  such  investigation,  and  then  to  ( i )  announce  their  find- 
ings to  the  industrial  world.  (2)  encourage  the  establishment  of 
a  government  bureau   for  the  discovery,  collection,   cataloging. 
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and  dissemination  of  industrial  methods  of  least  waste,  that, 
from  the  enormous  savings  thus  made,  the  wages  may  be  in- 
creased, hours  of  the  working  day  shortened,  production  costs 
reduced,  and  the  cost  of  living  lessened? 

Mr.  J.  Shirley  Eaton  :  The  word  scientific  carries  the 
notion  of  finality  and  precision.  To  attach  it  to  any  particular 
practice  involves,  as  it  were,  an  invidious  distinction.  Yet  in 
a  peculiar  way  the  particular  practice  under  discussion  may  lay 
claim  to  such  title.  It  is  scientific  in  the  sense  that  it  seeks  to 
incorporate  the  latest,  if  not  the  final,  idea,  regardless  whence  it 
originates,  so  only  it  applies  to  the  case  in  hand. 

We,  as  railroad  men,  have  been  associated  with  big  under- 
takings. The  railroads  were  the  first  form  of  associate  effort 
of  large  masses  of  men  under  corporate  direction.  Their  methods 
were  necessarily  experimental ;  their  early  exigencies  developed 
and  brought  forward  men  of  great  force  of  character,  but  that 
very  force  of  character  has  sometimes  blinded  them  to  the 
methods  that  are  the  most  intelligent.  Business  has  been  con- 
strued to  be  mere  strife — almost  on  the  plane  of  physical  strife — 
and  the  notion  of  a  hustling,  strenuous  life,  which  notion  runs 
through  the  whole  fabric  of  railroad  organization,  has  resulted 
in  pitiful  wastes  of  men  and  time  and  nervous  energy.  Situa- 
tions have  been  met  as  they  occurred  and  the  thing  sought  has 
been  jammed  through  by  sheer  force;  but  it  must  be  painfully 
clear  to  all  of  us  that  only  a  small  part  of  the  potentialities  of 
men  and  of  resources  have  been  realized.  Rules  of  thumb, 
preconceptions,  and  mere  vague  impressions  have  played  too 
large  a  part.  We  have  seen  evidence  of  that  in  the  paper  here 
to-night,  especially  in  the  use  of  figures  of  which  this  "  so-called  " 
Scientific  Management  would  not  be  guilty. 

Scientific  Management  insists  primarity  that  the  unit  is  the 
basis  of  knowledge,  and  the  first  prerequisite  of  their  business 
is  to  evolve  and  standardize  these  units  in  order  that  they  may 
get  the  facts  of  experience  into  terms  that  can  be  used  day  in 
and  day  out.  For  three  years  I  was  on  the  statistical  committee 
of  the  American  Railway  Association,  trying  to  determine  some 
of  the  fundamental  units,  and  we  did  not  get  very  far.  The 
theme  is  a  profound  one,  as  it  is  a  most  imminently  practical  one. 
I  do  not  think  that  we  appreciate  the  significance,  in  its  larger 
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bearings,  of  this  movement  called  Scientific  Management.  In- 
stead of  attacking  it  in  prejudice,  we  should  try  to  comprehend 
the  spirit  of  it  and  accelerate  its  achievement. 

In  1835  Troy  Polytechnic  conferred  the  degree  of  Civil  En- 
gineer for  the  first  time  in  an  English-speaking  country.  Science 
and  its  application  up  to  that  time  had  been  indifferently  joined. 
It  is  hard  to  conceive  that  the  large  place  achieved  by  the  en- 
gineer of  every  kind  in  our  life  of  to-day  springs  from  so  re- 
cent a  beginning.  It  was  my  good  fortune  in  the  past  few  days 
to  attend  a  meeting  of  the  leaders  of  Scientific  Management 
and  their  critics  under  the  auspices  of  Tuck  School  of  Ad- 
ministration, Dartmouth  College.  Here  was  sounded  the  latest 
note  in  the  theme  of  the  engineer  and  modern  life.  In  the  citadel 
not  only  of  pure  science,  but  of  learning  and  abstract  culture, 
the  efificiency  engineer  made  bold  to  enter  with  his  instruments 
of  precision,  his  tabulations,  and  his  averages,  in  the  application 
of  his  methods  to  academic  life. 

We  may  not  agree  with  all  the  claims  of  Scientific  Manage- 
ment, but  it  moves  in  the  direction  in  which  we  are  going  to 
find  the  solution  of  our  gravest  difBculties  of  labor  and  capital 
and  the  way  out  of  some  of  our  political  mazes  that  confuse  and 
defeat  to  utter  futility  the  public  will. 

In  every  walk  of  life  is  laid  on  us  the  responsibility  to  find 
what  is  ef^ciency,  what  its  concrete  form  and  what  are  the  units 
in  which  it  can  be  measured,  so  that  we  may  accurately  determine 
the  relation  of  what  we  do  to  the  results  which  Ave  seek. 

Mr.  B.  B.  Milner:  In  1904,  while  working  in  one  of  the 
larger  shops  of  the  transportation  company  by  which  I  am  em- 
ployed, a  large  part  of  my  time  was  devoted  to  the  question  of 
"  Scientific  Management."  I  became  an  enthusiast,  having 
received  my  inspiration  from  a  careful  study  of  a  paper  upon 
"  Shop  Management "  presented  to  the  American  Society  of 
Mechanical  Engineers  by  Fred  W.  Taylor,  of  Philadelphia. 

Many  practices,  obviously  inconsistent  with  the  highest  effi- 
cierfcy,  came  to  my  attention,  and  invariably  I  asked  myself  the 
question,  "Why?"  to  which  question  satisfactory  answers  did 
not  come  for  a  long  time.  In  the  meantime  I  read  and  heard  a 
great  deal  of  the  wonderful  things  which  were  being  done  by 
"  Scientific  Management "   upon  the    Santa  Fe,   and   I   visited 
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the  Topeka  (Kans.)  shops  on  several  occasions,  the  last  visit 
being  incident  to  an  extended  trip  to  the  Pacific  Coast  over  the 
Santa  Fe's  lines. 

A  large  portion  of  shop  labor  was  being  paid  under  the 
"  Bonus  System  "  and  the  number  of  schedules  during  the  time 
the  system  had  been  in  effect,  together  with  the  amount  of 
enthusiasm  with  which  the  work  was  being  carried  on,  was  far 
in  excess  of  that  under  the  old  regime  of  "  Day  Work."  The 
improvements  evidenced  were  those  which  would  be  expected 
from  substitution  of  any  reasonably  well  administered  reward 
system  of  labor  payment,  free  from  hindrance  by  labor  organi- 
zations, for  the  previous  "  Day  Work  "  system. 

The  shop  betterment  organization,  which  introdux:ed  the 
"  Bonus  System  "  and  also  paid  particular  attention  to  tool  equip- 
ment and  other  conditions  affecting  efficient  operation  of  the  shop, 
in  an  incredibly  short  time,  introduced  the  use  of  many  new,  or 
modified,  tools  and  methods.  This  betterment  movement  was 
loyally  supported  by  Mr.  J.  W.  Kendricks,  then  vice-president, 
and  a  large  amount  of  friction  between  the  old  organization, 
which  remained  responsible  for  the  operation  of  the  railroad,  and 
the  corps  of  betterment  specialists,  was  frequently  apparent. 
Great  as  was  the  improvement  over  previously  existing  conditions, 
the  shop  methods  and  costs  were  apparently  no  more  efficient  or 
economical  than  those  of  other  well-regulated  shops.  The 
methods  of  administration  were  not  stable,  and  subsequent  visits 
developed  changes  made  from  time  to  time,  even  in  the  adminis- 
tration of  the  "  Bonus  System  "  of  labor  payment. 

Very  glowing  statements  were  made  of  the  improvements 
effected,  supported  by  numerous  statements  and  graphical  data. 
In  some  instances  deductions  were  made  therefrom  which  to 
those  familiar  with  railroad  operations  could  obviously  not  be 
substantiated.  In  some  cases  data  submitted  for  the  support  of 
conclusions  seemed  to  be  at  variance  with  actual  facts.  This 
is  very  naturally  a  result  of  pressure  brought  to  bear  upon 
''  specialists  "  for  results,  and  it  very  frequently  happens  that 
"  specialists  "  themselves  are  misled,  having  every  confidence  in 
data  which  do  not,  upon  careful  analysis,  support  their  con- 
clusions. 

It  is  well  understood,  by  those  familiar  with  railroad  shop 
operation,  that  the  wide  variation  in  the  cost  of  turning  tires  at 
various  carriers'  shops,  referred  to  by  Mr.  Emerson,  does  not 
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reflect,  in  proportion  to  those  costs,  high  or  low  efficiency  for  the 
various  points  from  which  the  cost  data  were  reported  to  the 
Interstate  Commerce  Commission.  The  labor  cost  of  this  or 
any  other  operation  involves  and  is  dependent  upon  (i)  the 
volume  and  regularity  of  the  work  to  be  done,  (2)  the  facilities, 
i.e.,  tool  equipment,  appliances,  etc.,  (3)  the  local  wage  scale, 
(4)  the  class  of  labor  used  upon  the  operation,  (5)  the  amount 
of  assistance  given  the  workman  or  workmen,  and  (6)  other 
conditions  under  which  the  operation  is  performed. 

The  comparative  cost  data  referred  to  cannot  mean  much 
unless  all  the  conditions  mentioned  above  are  taken  into  con- 
sideration. Failing  this  they  become  the  basis  of  very  erroneous 
conclusions  as  to  relative  efficiencies. 

The  inaccurate  impressions  which  it  was  frequently  found 
necessary  to  correct,  and  the  keen  reflection  upon  the  efficiency  of 
operation  in  railroad  shops  (none,  so  far  as  I  know,  excepted) 
culminating  in  the  testimony  presented  at  the  recent  '*  rate 
cases  "  heard  before  the  Interstate  Commerce  Commission,  have 
occasioned  a  reduction  in  my  enthusiasm  for  what  is  popularly 
covered  by  the  term  "  Scientific  Management,"  and,  with  others 
in  the  railroad  business,  I  have  been  influenced  adversely  by  the 
superabundance  of  literature  of  the  type  mentioned  specifically 
by  Mr.  Symons.  The  display  of  spectacular  results  said  to  have 
been  obtained  by  the  adoption  of  the  so-called  "  Scientific  Man- 
agement System  "  has  actually  retarded  the  consideration  of 
the  subject,  and  has  effected  its  advancement  in  the  railroad 
field.  Its  results  are  so  seriously  questioned  as  to  occasion  Mr. 
Symons's  paper. 

With  regard  to  the  very  sweeping  claims  which  have  been 
made  relative  to  the  saving  alleged  to  be  possible  in  railroad 
operations,  two  errors  have  been  made — on  the  part  of  those 
responsible  for  these  claims,  the  criticism  most  frequent  and 
keen  has  been  concentrated  upon  the  operation  of  the  carrier's 
shops;  on  the  part  of  most  shopmen,  of  those  interested  and 
responsible  for  shop  operation  and  most  of  those  who  have 
followed  the  press  on  the  subject,  to  generally  include  under 
the  caption  of  "  Scientific  Management  "  only  such  details  as 
"  stop  watches."  "  speed  bosses,"  "  premium,"  "  tasks."  "  time 
study,"  "  planning  departments  " — terms  which  are  only  appli- 
cable to  certain  phases  of  shop  operation. 

Most  distasteful  among  the  "  Scientific  Management  "  details 
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mentioned  above,  to  outside  men  not  in  sympathy  with  the 
movement,  is  the  "  time  study  "  idea.  The  strenuous  objections 
thereto  arise  from  the  popular  misconception,  which  should 
easily  be  relieved.  The  term  "  time  study  "  is  not  specific  but 
relative.  More  or  less  accurate  "  time  studies "  were  made 
under  the  "  Day  Work "  system,  when  information  was 
gathered  upon  which  to  base  an  opinion  as  to  whether  this  man 
or  that  had  consumed  more  or  less  than  a  reasonable  amount 
of  time  upon  this  or  that  operation.  Some  of  these  formed  the 
basis  upon  which  the  earlier  "  piece  work  "  rates  were  estab- 
lished, but  their  inaccuracies  occasioned  the  largest  portion  of 
difficulties  incident  to  operation  under  the  "  piece  work  "  system. 
They  may  be  made  more  and  more  minute,  until  they  arrive  at 
the  point  referred  to  by  Mr.  Gilbreth  as  the  "  blood-drawing 
type."  Some  "  Time  Study  "  must  be  the  basis  of  every  piece 
work,  premium,  bonus,  contract,  or  reward  system  of  labor  pay- 
ment, but  such  study  only  becomes  objectionable  as  it  approaches 
the  type  mentioned  by  Mr.  Gilbreth. 

Various  meanings  have  evidently  been,  applied  to  the  term 
"  Scientific  Management,"  and  it  is  suggested  that  many  differ- 
ences in  opinion  might  be  easily  reconciled  by  the  adoption  of  a 
common  definition  of  the  tenn.  If  "  Scientific  Management " 
means  that  which  appeals  to  many  upon  casually  reading  Mr. 
Taylor's  paper  on  "  Shop  Management,"  or  upon  first  visit  to 
a  plant,  such  as  the  Tabor  Manufacturing  Co.'s  plant  in  Phila- 
delphia, where  the  so-called  "  Scientific  Management "  is  in 
operation,  then  the  term  is  a  misnomer  so  far  as  railroad  opera- 
tion is  concerned,  and  Mr.  Symons  must  be  very  liberal  in  restrict- 
ing its  possible  application  to  as  many  as  i6  per  cent,  of  the  car- 
riers' employees.  But  if  the  term  is  given  the  broader  definition 
evidently  attached  to  it  by  Mr.  Emerson,  and  is  understood  as 
covering  the  whole  field  of  human  endeavor  and  as  involving  the 
elimination  of  every  waste  as  soon  after  its  development  and 
isolation  as  practicable,  then  Mr.  Symons  must  remove  the  restric- 
tions imposed  upon  its  application  until  every  phase  of  railroad 
operation  is  covered.  It  then  becomes  applicable  to  the  labor 
and  material  expenses,  at  each  desk,  of  each  office,  of  every 
department,  and  to  all  phases  of  operations  involving  expense  or 
efficiency  of  service. 

The   economical    repair   of    rolling   equipment   involves   the 
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proper  location,  installation,  maintenance,  and  eflficient  operation 
of  the  railroad  shops,  their  component  departments,  and  the  tools 
therein,  with  the  economical  purchase  of  all  materials  required. 
But  the  economical  operation  of  the  railroad  involves  not 
only  the  economical  maintenance  of  its  rolling  equipment 
(costing  only  about  20  per  cent,  of  the  total  operating  ex- 
penses), but  also  the  efficient  use  of  that  equipment.  Cars 
must  be  loaded  to  the  maximum  consistent  with  the  service  ren- 
dered, trains  must  also  be  so  loaded,  speeds  must  be  those  most 
economical,  light  car  and  locomotive  mileage  must  be  avoided, 
and  cars  and  locomotives  of  ever-increasing  efficiency,  from  ser- 
vice and  maintenance  stand-points,  must  be  developed,  etc.  In 
so  far  as  the  efficiency  of  all  these  elements  of  operations  is  im- 
proved, by  so  much  the  items  of  labor  cost,  mentioned  by  Mr. 
Symons  as  being  excluded  from  the  application  of  "  Scientific 
Management,"  will  certainly  be  lowered.  The  carriers  have 
specialists,  inside  and  outside  the  ranks  of  their  own  employees, 
engaged  upon  the  study  of  direct  and  indirect  means  of  further- 
ing economy  in  most  every  item  of  expense  mentioned. 

Every  broad-minded  railroad  man  has  endeavored  to  further 
efficiency  and  knows  that  opportunities — "  simply  overwhelm- 
ing " — do  exist  for  increasing  the  general  efficiency  and  economy 
of  railroad  operations.  It  is  hoped  that  the  following  memoran- 
dum, in  reply  to  the  question  of  how  carriers  may  most  promptly 
approach  and  maintain  maximum  operating  efficiency,  will  not 
be  out  of  order.  It  was  outlined  some  two  years  ago,  after  much 
thought,  in  the  light  of  conditions  existing  upon  one  of  the  larger 
lines,  and,  practically  without  change,  is  offered  as  applicable  to 
the  operating  organization  of  every  carrier,  which  organization 
must  consist  of  a  combination  of  the  "  Divisional "  and  the 
"  Departmental." 

( I )  The  existing  opportunities  for  further  increasing  the  effi- 
ciency and  economy  of  operation  must  be  freely  acknowledged, 
as  that  past  creditable  achievement  has  been  obtained.  Satisfac- 
tion with  present  operating  conditions  and  results  must  be  given 
persistent  attention  until  an  ever-increasing  proportion  of  em- 
ployees take  seriously  the  management's  desire  that  prompt  and 
continued  increase  in  operating  efficiency  and  economy  be 
obtained. 

(2)   Many  identical  operating  problems  are  being  solved  by 
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independently  working  employees — especially  the  subordinates — 
thereby  unnecessarily  duplicating  and  wasting  effort  which  must 
be  conserved. 

(3)  The  acquaintance  possessed  by  the  "  staff"  with  details 
of  those  operations  in  which  they  are  concerned  must  be  increased 
in  order  that,  through  it,  the  general  problems  of  which  the 
lower  officers  and  their  subordinates  should  be  relieved  may  be 
definitely,  promptly,  and  otherwise  satisfactorily  solved — this  in 
order  that  lower  officers  and  their  subordinates  may  be  better  able 
to  cope  with  those  problems  of  which  they  cannot  be  relieved. 

Any  deficiency  in  the  knowledge  of  the  higher  "  staff  "  occa- 
sions or  results  in:  (a)  inertia  on  their  own  part,  due  to  a  per- 
sonal knowledge  of  its  own  weakness;  (b)  increased  attention 
which  their  superior  "  line  "  officers  must  devote  to  the  work  of 
their  subordinates,  by  so  much  taking  their  own  time  from  work 
which  they — "line"  officers — cannot  delegate;  (c)  weakening 
of  the  position  of  the  higher  "  line  "  and  "  staff  "  in  the  minds 
of  the  lower  officers,  who  are  very  quick  to  detect  a  weakness; 
(d)  tabling  or  burying  in  higher  offices  of  matters  originating 
in  the  lower  offices,  which  stultifies  the  ambition  and  constructive 
genius  of  the  masses  of  employees,  who,  if  properly  encouraged 
and  intelligently  directed,  would  develop  innumerable  valuable 
ideas — "  by-products  "  of  their  regular  duties — with  pleasure 
to  them  and  at  a  minimum  cost.  From  the  above  it  follows  that 
(i)  a  sharper  distinction  must  be  developed  and  respected  be- 
tween the  problems  regularly  belonging  to  the  higher  and  those 
belonging  to  the  lower  "staff"  and  "line"  officers,  and  (2) 
lower  officers  must  not  expend  effort  in  the  solution  of  problems 
not  properly  belonging  to  them,  without  the  knowledge  and  en- 
dorsement of  higher  officers  concerned;  (3)  a  knowledge  and 
breadth  of  view  must  be  developed  in  all  employees  sufficient  to 
insure  their  being  competent  and  receptive.  With  added  knowl- 
edge and  breadth  of  view  must  come  an  increased  mutual  confi- 
dence between  higher  and  lower  employees,  if  the  number  of 
problems  confronted  by  either  are  to  be  actually  reduced  by  trans- 
fer of  an  increasing  proportion  of  present  problems  to  those 
more  expert  and  competent. 

(4)  By  whatever  means  they  may  be  immediately  directed, 
all  operations  must  be  freely  opened  to  a  competent, 
broad-gauged  inspection,  conducted  along  such  lines  and  in  such 
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manner  as  will  insure  the  helpful  co-operation  of  those  whose 
operations  are  inspected,  and  occasion  the  sincere  invitation  of 
the  inspections.  (The  means  of  inspection  are  two,  viz.,  (i) 
direct,  i.e.,  made  by  personal  observation  of  the  operations  in- 
spected, and  (2)  indirect,  i.e.,  made  by  the  use  of  statements  and 
reports  which  (a)  transmit  to  higher  officers  and  others,  who 
cannot  make  personal  inspection  themselves,  information  gath- 
ered by  personal  inspectors,  and  (b)  develop,  through  compari- 
son of  properly  collated  and  co-ordinated  records  and  statements 
of  operations,  or  their  results,  operating  conditions  and  facts  per- 
taining thereto  which  could  not  or  would  not  be  developed  by 
direct  observation.) 

In  conclusion,  let  the  term  "  Scientific  Management "  be  de- 
fined and  understood  in  the  broadest  sense,  remove  the  restric- 
tions popularly  imposed  upon  its  application,  eliminate  the  idea 
that  the  means  of  its  application  consist  so  largely  of  the  spec- 
tacular elements  to  which  such  strenuous  objection  is,  frequently 
unreasonably,  raised,  and  that  efficiency  is  so  largely  evidenced 
by  the  spectacular  results  of  which  so  much  has  been  heard,  and 
let  the  means  of  permanently  instilling  principles  of  broad  "  Scien- 
tific Management  "  into  the  minds  of  individuals  composing  the 
masses,  as  well  as  others  employed  by  the  carriers,  be  pushed  per- 
sistently and  consistently  along  broad  lines,  that  results  may  be 
obtained  which  are  permanent  and  real.  The  possibilities  of  such 
procedure  cannot  be  accurately  estimated. 

George  J.  Burns  (communicated)  :  Mr.  Symons's  paper 
is  such  a  complete  and  comprehensive  answer  to  the  claims  and 
pretensions  of  scientific  managers  that  it  is  no  easy  matter  to  add 
to  its  conclusiveness.  In  a  series  of  articles  in  Engineering  Mag- 
azine, I  am  attempting  to  demonstrate  that  the  most  available  op- 
portunity for  increased  machine  shop  efficiency  is  through  co- 
operation between  the  different  shops  to  the  end  that  each  may 
profit  by  the  combined  experience  and  demonstrated  advantages 
secured  by  the  best. 

I  take  decided  exception  to  the  term  "  scientific  management  " 
in  the  sense  that  it  has  come  to  be  popularly  understood,  to 
wit :  that  some  one,  without  practical  experience  with  the  work, 
and  lacking  familiarity  with  its  requirements,  is  superior  to  a 
man  of  the  same  calibre,  plus  the  experience.     It  must  be  con- 
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ceded  that  the  railroads  are  seeking  and  commanding  the  best 
natural  ability,  developed  by  technical  training,  and  are  broad- 
ening it  by  practical  experience,  and  profiting  it  by  contact  with 
men  who  have  made  the  problems  a  life  study.  To  sweepingly  con- 
demn such  men,  whose  highest  ambition  and  greatest  incentive 
is  increased  efficiency,  as  lacking  an  appreciation  of  the  prin- 
ciples of  scientific  management  is  an  attempt  to  turn  back  the 
hands  on  the  dial. 

The  history  of  railroad  development  refutes  the  charge  that 
railroads  do  not  welcome  suggestions  from  the  outside.  Machine 
tool  builders,  co-operating  with  railroad  mechanics,  have  revo- 
lutionized many,  if  not  most,  shop  operations;  the  air-brake  has 
made  fast  speed  safe  and  heavy  power  practical :  autogenous 
welding  is  being  rapidly  introduced,  and  is  securing  important 
economies :  advanced  ideas  are  being  sought  for  and  availed  of  in 
every  department,  but  no  one  thinks  of  designating  any  one  of 
these  as  scientific  management.  To  denominate  "  motion  study  " 
that  can  be  applied,  as  Mr.  Symons  has  so  conclusively  shown, 
to  but  a  small  fraction  of  railroad  employees,  as  scientific  manage- 
ment of  railroads,  is  too  absurd  to  be  seriously  discussed. 

PRACTICAL    EXPERIENCE    AS    A    FACTOR     IK     MODERN     EDUCATION 

■■  And   long   experience   made   him   sage."—  Gav. 

It  was  discovered  long  ago  that  mere  theoretical  instruction 
may  stimulate  the  mind  without  controlling  it.  Practical  train- 
ing has  come  to  be  recognized  as  an  indispensable  factor.  Com- 
mercial schools  have  their  banks  and  counting  rooms-  with  all 
the  paraphernalia  of  actual  business  conditions.  Law  schools 
have  their  moot  courts  presided  over  by  experienced  judges  from 
the  bench.  Normal  schools  give  their  students  the  experience 
of  actual  teaching.  The  clinic  has  long  been  recognized  as  an 
essential  in  the  study  of  surgery.  Manual  training  has  become 
a  part  of  grade  education.  Is  not  the  school  of  practical  rail- 
road administration  an  educator  and  developer?  Isn't  a  man 
more  capable  because  of  his  service  in  it  ? 

Are  the  exponents  of  motion  study  scientific  managers?  Is 
it  possible  for  any  one  man  to  so  far  prescribe  the  best  and 
fewest   movements   an  operator  shall   make  in  performing  all 
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classes  of  railroad  machine  shop  work,  as  to  make  it  safe  and 
economical  for  those  motions  to  be  followed  as  though  the 
operator  was  an  automaton?  I  contend  that  it  is  not  safe.  I 
have  before  me  data  taken  at  31  of  the  principal  railroad  ma- 
chine shops  in  the  country,  showing  the  time  and  practices  for 
preparing  shoes  and  wedges,  which,  perhaps,  comes  nearer  than 
any  other  job  in  a  railroad  machine  shop  to  being  a  manufactur- 
ing proposition,  and  as  affording  an  opportunity  for  motion 
study.  The  shortest  time  in  any  one  shop  is  14  minutes.  Four 
of  the  shops  at  which  data  were  obtained,  have  had  the  benefit 
and  advice  of  efficiency  engineers,  all  of  whom  are  prominent  in 
condemning  the  unscientific  management  of  railroads.  In  one 
shop  where  the  expert  was  permitted  to  prescribe  the  tool  on 
which  the  work  was  to  be  done,  he  gave  the  time  as  35  minutes. 
In  another  22  minutes  was  given,  but  not  attained.  In  a  third 
shop  the  estimate  was  42  minutes,  and  with  the  equipment  and 
the  prescribed  practice,  never  was,  and  never  can  be,  attained. 
In  the  fourth  shop,  the  expert  offered  no  criticism  of  a  shop 
time  of  40  minutes.  The  failure  of  these  experts  to  prescribe 
the  shortest  time  and  the  best  practices  is  not  a  reflection  on  their 
ability.  It  is,  however,  an  obvious  commentary  on  their  pre- 
tensions. Had  these  experts  been  given  control  of  all  shops  soon 
enough  they  would,  by  prescribing  inflexible  rules,  have  made  the 
shortest  time  impossible  of  attainment. 

I  have  in  mind  a  German  professor  who  persuaded  a  Western 
road  that  he  could  reduce  the  burning  of  crude  oil  under  loco- 
motive boilers  to  a  science.  He  was  so  well  grounded  in  the 
faith  that  he  regarded  the  suggestions  of  the  foreman  as  im- 
pertinence. He  fitted  up  an  engine.  It  steamed  perfectly  in  the 
yard,  but  when  it  was  taken  out  on  the  road,  it  died  on  the  first 
grade,  so  much  to  the  disappointment  of  Herr  Professor  that 
he  didn't  return  to  the  shop  and  explain  how  it  happened,  but 
left  the  problem  to  be  worked  out  by  the  practical  men  who 
evolved  a  science  from  practice.  In  his  failure  the  ranks  of  the 
scientific  managers  lost  a  man  who  would  have  joined  them  in 
condemning  railroad  management  as  unscientific. 

In  my  opinion,  the  railroads  have  much  to  gain  through  a 
systematic  study  and  comparison  of  practices  in  the  different 
shops.     It  isn't  given  to  any  individual  to  see  the  best  solution 
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of  all  problems.  "  Every  one  excels  in  something  in  which 
another  fails  "  is  a  maxim  that  is  older  than  the  "  Sermon  on  the 
Mount."  Disraeli  said:  ''  We  have  put  too  much  faith  in  sys- 
tems and  too  little  in  men."  The  phases  of  the  human  mind  are 
as  diverse  as  the  problems  encountered.  Every  shop  excels  in 
something  in  which  another  fails.  Nearly  50,000  of  the  best 
journeymen  machinists  in  the  world  are  studying  the  problems 
of  increased  railroad  machine  shop  efficiency.  Is  it  not  safe  to 
assume  that  their  combined  wisdom  is  superior  to  that  of  any 
theorist? 

William  J.  Cunningham,  Assistant  Professor  of  Trans- 
portation, Graduate  School  of  Business  Administration,  Harvard 
University  (communicated  )  : 

I  thank  you  for  the  privilege  of  participating  in  the  discus- 
sion of  Mr.  Symons's  paper  on  "  The  Practical  Application  of 
Scientific  Management  to  Railway  Operation."  I  have  read 
the  paper  with  a  great  deal  of  interest  and  shall  look  forward  to 
the  privilege  of  reading  also  the  discussion  at  the  meeting  and 
the  contributed  articles  which  will  appear  in  the  final  proceedings. 

For  my  own  part,  I  have  already  gone  on  record  on  the 
subject  in  an  article  which  appeared  in  the  quarterly  Journal  of 
Economics  for  May,  1911,  published  by  Harvard  University, 
from  which  the  following  statements  are  taken : 

The  railroad  man,  knowing  how  keen  is  the  anxiety  of  his 
profession  for  improvement  and  vigilance,  has  been  and  is 
proud  of  the  achievements  of  American  railroads.  He  believes 
that  railroad  efficiency  is  higher  than  the  average  in  manufactur- 
ing establishments,  and  can  hold  its  own  with  any  line  of  enter- 
prise in  the  United  States.  He  thinks,  too,  that  in  the  recent 
rate  hearings  the  railroads  should  have  been  measured  not  with 
the  exceptional  industrial  establishment,  but  with  the  average. 
He  recognizes,  none  better  than  he,  the  existing  deficiencies  in 
railroad  management;  but  that  they  are  greater  or  more  fla- 
grant than  those  in  other  large  undertakings  he  will  not  admit. 
The  extended  area  of  railroad  activity  and  the  problem  of 
adequate  supervision  make  it  difficult  to  secure  high  efficiency 
and  use  of  materials.  The  tendency  of  labor  union  policy  is 
increasingly  to  trammel  the  manager.  He  is  also  hampered  by 
the  difficulty  of  securing  competent  men  in  supervisory  positions. 
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Expert  knowledge  is  not  required  to  point  out  losses  and  inef- 
ficiencies. They  are  apparent.  But  criticism  should  be  accom- 
panied by  practical  remedial  suggestions. 

The  history  of  American  railways  shows  that  their  progress 
has  been  steady  and  substantial.  A  comparison  of  any  two 
periods  ten  years  apart  will  reveal  impressive  increases  in  effi- 
ciency. The  net  train  load,  for  example,  has  increased  nearly 
fifty  per  cent,  in  the  last  ten  years.  Such  advances  in  nearly 
every  case  have  been  the  result  of  development  and  improvement 
of  existing  methods  and  facilities.  The  new  and  improved  have 
been  the  adaptation  of  the  old;  and,  judging  by  this  steady  im- 
provement in  the  past,  it  may  be  expected  to  continue  in  the 
future. 

The  solution  of  the  problem  of  how  to  effect  further  eco- 
nomics and  yet  maintain  good  service  seems  to  lie  in  a  more 
rigid  application  of  the  railroad's  own  kind  of  scientific  manage- 
ment and  a  continuation  and  enlargement  of  the  best  practices 
of  the  best  railroads,  s.o  that  the  operating  results  of  the  least 
economical  may  approach  those  whose  efficiency  is  marked,  and 
these  in  turn  set  new  and  higher  standards.  A  new  system  is 
not  needed  so  much  as  a  more  determined  and  a  more  general 
application  of  the  sound  and  business-like  methods  which  have 
already  been  found  effective  in  railroad  work. 

After  all,  there  is  little  essential  difference  between  the  aims 
and  accomplishments  of  Scientific  Management  as  advocated  by 
the  new  experts  and  Scientific  Management  as  practised  by  the 
exceptionally  well-managed  railroads.  As  a  system,  it  means  a 
careful  study  and  analysis  of  each  element  of  operation,  and  the 
application  of  the  methods  best  adapted  to  bring  about  the  best 
results  under  the  given  conditions.  Many  railroads  are  doing 
this  successfully;  others  are  doing  it  in  part.  In  the  nature  of 
things,  however,  their  efforts  have  been  directed  more  to  the 
"  high  spots  "  or  to  those  features  of  operation  which  are  most 
in  need  of  correction  or  which  promise  the  largest  or  quickest 
returns.  Scientific  Management,  as  a  system,  takes  a  broader 
view  and  requires  that  the  same  careful  study  and  treatment 
be  given  to  every  detail  of  operation  as  is  given,  say,  to  the 
subject  of  train-loading.  Obviously,  there  is  a  point  where  this 
would  be  unprofitable — where  the  cost  of  the  system  would 
exceed  the  saving. 
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The  real  difference,  then,  between  the  efficiency  experts  and 
the  raih-oads  in  their  conception  of  Scientific  Alanagement  is 
not  in  kind  but  in  degree.  To  find  a  common  ground  means 
mutual  concessions.  On  the  part  of  the  efficiency  expert  it 
will  require  less  stress  upon  "  system,"  "  principles,"  "  dependent 
sequences;"  it  will  require  more  knowledge  of  the  practical 
problems  of  railroads,  more  respect  for  what  the  railroads  have 
accomplished,  and  less  exaggeration  and  generalization  concern- 
ing waste  and  possible  savings.  On  the  part  of  the  railroad  a 
more  receptive  attitude  is  needed  for  suggestions  from  the  out- 
side and  a  recognition  of  the  fact  that,  notwithstanding  com- 
mendable progress  in  operating  economies,  much  yet  remains  to 
be  accomplished. 

Among  the  important  features  of  Mr.  Taylor's  system  of 
shop  management,  the  principle  of  time  study  might  well  be- 
come a  part  of  the  practice  of  any  railroad  shop  with  a  piece- 
work basis.  The  piece-work  schedules  of  to-day  are  generally 
an  evolution  from  "  cut  and  try  "  methods.  Their  defects  are 
recognized.  Mr.  Taylor's  second  principle,  of  standardized  con- 
ditions, is  equall}^  important,  and  many  railroad  shops  come 
reasonably  close  to  standard  practice. 

But,  apart  from  shop  operation,  other  and  greater  avenues 
of  economy  are  being-  earnestly  studied.  The  delays  and  red- 
tape  obstruction  to  local  initiative,^  will  yield  to  some  plan  of 
decentralizing  authority,  such  as  is  now  being  tried  on  the  Harri- 
man  lines.  There  are  undoubted  economies  in  further  standard- 
izing of  equipment  and  materials,  as  well  as  in  improved  methods 
of  storing  and  distributing  supplies.  There  is  promise  of  econ- 
omy in  the  experiments  now  being  made  by  the  American 
Railway  Association  in  clearing-house  accounting  for  joint  use 
of  cars.  A  substantial  saving  in  fuel  may  be  made  by  a  more 
general  adoption  of  the  methods  of  the  roads  having  the  best 

^  Mentioned  by  W.  M.  Acworth,  the  English  economist,  as  a  defect  in 
American  railroad  organization.  In  the  same  statement,  made  on  the  eve 
of  his  departure,  February  first,  last,  he  expressed  surprise  that  the  news- 
papers should  give  so  much  space  to  criticism  of  railroad  efficiency.  In  his 
.opinion,  American  railroads  are  the  most  efficient  in  the  world.  He  believes 
that  the  skeletons  in  the  railroad  cupboards  have  all  been  buried,  and  that  now 
the  roads  "  would  do  well  to  open  their  cupboards  and  let  the  public  see 
how  sweet  and  clean  thev  are." 
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fuel  records ;  and  throughout  the  service  there  is  crying  need  for 
more  and  better  supervision. 

Better  supervision  calls  for  better  men,  and  to  that  end  the 
educational  activities  of  the  railroads  should  have  wider  scope 
and  more  effective  organization.-  A  system  of  management  is 
not  needed  so  much  as  managers.  The  system  is  not  as  impor- 
tant as  the  man.  A  good  system  will  not  altogether  save  a 
poor  manager,  nor  will  an  imperfect  system  altogether  hold 
back  one  who  is  ambitious  and  able.  Mr.  Taylor  himself  recog- 
nizes this  in  his  statement,  "  The  first  object  of  any  good  system 
must  be  that  of  developing  first-class  men."  ^ 

Except  in  the  important  particulars  of  time  study  and  func- 
tional foremanship,  the  system  advocated  by  the  experts  and  the 
system  practised  by  the  railroads  are  not  very  far  apart.  Both 
have  for  their  object  that  which  is  desired  by  the  railroads  and 
the  public — ability  to  give  good,  safe,  and  economical  service. 
And  if  achieved,  either  by  an  improvement  of  present  methods 
or  by  an  adaptation  of  the  new  system,  private  management  of 
railways  will  have  strengthened  its  claim  to  continuance. 

Mr.  Charles  B.  Going.  Engineering  Magazine,  New  York 
(communicated)  : 

If  there  is  any  part  of  Mr.  Symons's  article  that  merits  dis- 
cussion it  is  the  statistical  portion,  in  which  there  seem  to  be 
issues  of  fact  between  his  statements  and  the  figtu-es  given  out 
officially  by  the  road.  All  my  statistics  and  data  were  sent  away 
some  time  ago  and  are  not  immediately  accessible.  Offhand.  I 
notice  that  Mr.  Symons  makes  his  comparisons  on  number  of 
engines,  irrespective  of  types.     Types  were  rapidly  changing  on 

■■■J.  Shirley  Eaton,  in  "Education  in  Railroad  Service"  (1900),  says: 
"  In  the  course  of  railroad  development,  there  was  a  first  era,  which  was 
the  era  of  railroad  building.  Any  railroad  was  better  than  a  wagon  road. 
There  was  next  an  era  of  co-ordination  of  the  railroad  service  and  finance 
to  the  commercial  and  financial  conditions  as  a  whole  with  which  the  rail- 
roads were  called  upon  to  deal.  This  was  the  time  of  the  traffic  organization 
and  railroad  consolidation.  Next  came  the  era  of  internal  adjustment  on 
the  physical  and  mechanical  side — perfection  of  machinery,  cutting  down 
grades,  strengthening  bridges,  increasing  the  train  unit.  And  now  has  come 
the  -sociological  adjustment.  The  human  part  of  the  machine  is  quite  as 
vital  as  the  steel  and  wooden  part  in  producing  efficiency,  and  so  in  increasing 
the  mcome." 

'American  Magazine.  March,  1911,  p.  570- 


290  Charles  B.  Going. 

the  Sante  Fe  during  this  i^eriod,  much  heavier  engines,  much 
more  expensive  to  maintain,  being  rapidly  instaUed.  Comparison 
on  any  other  basis  than  the  tractive  unit  would  be  worthless,  and 
where  the  important  variable  is  ignored  suspicion  is  thrown  upon 
the  whole  calculation.  Beyond  the  few  figures  thus  open  to 
suspicion,  there  seems  to  be  nothing  in  the  article  except  asser- 
tion. The  officers  and  employees  are  divided  into  fourteen  classes, 
which  Mr.  Symons  takes  up  consecutively,  apparently  believing 
that  by  ascertaining  of  each  class  separately  that  it  "  would  not 
come  under  the  system  "  he  has  in  some  way  strengthened  his 
argument.  Of  course,  it  still  remains  a  bald  and  wholly  unsup- 
ported assertion.  In  fact,  I  am  perplexed,  in  reading  through 
this  list,  to  form  any  idea  of  what  Mr.  Symons  thinks  Scientific 
Management  is.  He  says  that  "  the  plan  will  not  apply  to  en- 
gineers, firemen,  conductors,  etc.,  because  they  are  all  working 
under  contracts  that  will  undoubtedly  be  kept  in  good  faith  by 
the  companies."  The  introduction  of  Scientific  Management,  of 
course,  would  not  in  the  least  affect  existing  contracts,  but 
would  offer  additional  reward  for  increased  efficiency.  He  says : 
*Tt  would  not  apply  to  section  foremen,  because  there  are  only 
468  more  now  than  in  1907  and  their  average  daily  rate  of  pay 
has  increased  6  cents  per  day,  while  their  duties  have  materially 
increased."  Under  Scientific  Management  they  would  have  a 
fairer  deal.  As  to  trackmen,  he  says  that  the  plan  would  not 
apply,  as  the  grade  and  character  of  the  work  will  not  lend  itself 
to  any  such  scheme.  Scientific  Management  has  been  success- 
fully applied  over  and  over  again  to  men  of  this  grade  and  work 
of  this  character. 

Of  switch  tenders  and  crossing  watchmen,  he  says  that  the 
plan  would  not  apply,  "  as  there  are  8,716  less  in  number  than  in 
1907."  What  the  decrease  in  numbers  has  to  do  with  the  ap- 
plicability or  non-applicability  of  Scientific  Management  I  am 
utterly  unable  to  conjecture. 

Most  significant  of  Mr.  Symons's  misconception  of  what  he 
is  talking  about  is  the  comment  under  Section  8,  "  Employees 
of  Floating  Equipment,"  of  whom  he  says  that  "  they  would 
not  be  affected  by  this  plan,  as  .  .  .  their  daily  average  wage 
rate  of  $2.31  will  not  admit  of  reduction."  Mr.  Symons  ap- 
parently conceives  of  Scientific  Management  as  some  plan  for 
cutting-  down  wages,  instead  of  being,  as  it  is,  a  plan  for  making 
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men  earn  larger  wages  by  showing  them  how  to  do  better  work. 
If  further  evidence  is  needed  that  Mr.  Symons  does  not  under- 
stand what  Scientific  Management  is,  it  may  be  found  con- 
clusively in  the  nth  Section,  "All  Other  Employees  and  La- 
borers." He  says  here,  top  of  page  13:  "The  plan  in  ques- 
tion would  not  apply  to  this  mixed  class,  as  it  includes  the  raw 
recruit,  the  man  of  migratory  habits,  and  the  hobo ;  most  all  are 
of  a  low  order  of  mentality  and  some  dissipated.  Increased  su- 
pervision by  practical  men  is  the  only  means  of  increasing  their 
efficiency  or  quantity  of  work  performed." 

This  is  the  very  genius  of  Scientific  Management — to  in- 
struct the  raw  recruit,  as  well  as  every  other  worker,  by  the  co- 
operative direction  of  expert  practical  specialists,  and  then,  by 
a  voluntary  agreement  (interfering  in  no  way  with  any  con- 
tract or  wage  agreement  which  may  be  in  force),  to  reward 
him  by  extra  incentive  for  any  exhibition  of  higher  efficiency  in 
his  work.  The  profit  which  employees  bring  to  the  employer 
through  this  efficiency  is  divided  with  them.  It  is  alike  within  the 
powers  of  general  officers,  clerks,  station  agents,  engineers,  fire- 
men, section  foremen,  trackmen,  employees  of  floating  equip- 
ment, telegraph  operators  or  dispatchers,  carpenters,  and  all  other 
employees,  to  waste  or  to  save  the  company's  time,  money,  ma- 
terials, good-will.  Whether  there  are  more  or  less  of  any  one  of 
these  now  than  there  were  four  years  ago.  or  whether  their  wages 
have  increased  or  decreased,  has  nothing  to  do  with  the  common- 
sense  proposition  that  by  careful  planning  of  their  work  (plan- 
ning done  by  expert  practical  men)  and  by  careful  instruction 
in  their  work  (instruction  by  expert  practical  men)  they  could 
learn  to  do  it  better,  with  less  waste  from  internal  or  external 
interference,  less  waste  from  unintelligently-directed  effort  than 
exists  now. 

Whether  the  average  man  is  firing  a  locomotive  or  tamping  a 
tie,  he  can  certainly  learn  to  do  it  better  under  the  guidance  of 
the  better-than-average  man — the  best  man  obtainable.  If  all 
the  average  men  could  be  thus  instructed,  does  Mr.  Symons  deny 
that  it  would  save  the  company  money?  If  this  saving  were 
shared  with  the  men  by  granting  them  a  bonus  (so  that  there 
still  remains  on  the  one  hand  profit  to  the  employer,  and  on  the 
other  incentive  and  reward  to  the  employee),  is  not  common- 
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sense  all  that  is  necessary  to  determine  that  sound  policy  and 
good  practice  have  been  observed  ?  And  yet  this  is  the  substance 
of  '*  Scientific  Management." 

As  Mr.  Symons  practically  grants  this  proposition  re- 
peatedly, as,  for  example,  on  page  19,  I  am  compelled  to  end 
where  I  began,  with  the  simple  statement  that  I  can  not  discover 
what  Mr.  Symons  thinks  Scientific  Management  is,  and  I  am 
therefore  unable  to  discuss  his  discussion  of  it. 

Angus  Sinclair,  editor  Railzvay  and  Locomotive  Engineer- 
ing (communicated)  :  It  appears  strange  to  me  in  this  day  and 
generation,  when  the  production  in  every  line  of  industry  has 
been  vastly  increased  by  labor-saving  machinery,  that  a  clamor 
should  have  arisen  to  provide  means  for  increasing  beyond  rea- 
son the  output  of  the  workman's  manual  skill  and  labor.  Pro- 
duction of  finished  goods  has  increased  so  rapidly  of  late  years 
that  the  demand  of  the  people  has  not  kept  pace  with  the  sup- 
ply, and  the  whole  world  seems  to  be  suffering  from  overpro- 
duction. 

When  viewed  in  its  broadest  sense,  overproduction  only 
means  under-consumption ;  but  production  has  increased  so  rap- 
idly during  the  last  decade  that  there  is  no  time  for  natural  ad- 
justment. That  being  admitted  to  be  the  case,  it  is  not  a  proper 
time  to  urge  greater  efforts  for  production  upon  the  workman. 

The  assumption  of  the  people  promoting  scientific  manage- 
ment of  production  is  that  the  ordinary  workman  is  constantly 
trying  to  do  as  little  labor  as  possible  in  return  for  the  wages 
paid  by  the  employer.  I  spent  some  ten  or  twelve  years  as  a 
shop  mechanic,  and  I  was  for  about  five  years  a  shop  foreman, 
besides  spending  several  years  visiting  manufacturing  establish- 
ments and  railway  rolling  stock  repair  shops,  for  the  purpose 
of  writing  about  the  work  going  on ;  so  I  have  enjoyed  good 
opportunities  for  judging  the  habits  of  workmen.  Some  men 
are  lazy,  permanently  tired,  and  they  do  as  little  work  as  they 
possibly  can,  but  the  great  mass  of  workmen  are  naturally  in- 
dustrious and  ready  to  do  a  fair  day's  work.  There  is  an  indi- 
viduality among  workmen  that  enables  some  men  to  do  much 
more  work  than  others  with  the  same  degTee  of  effort;  but  it  is 
the  kind  of  individuality  that  enables  one  stenographer  to  write 
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much  faster  than  another  person  engaged  in  the  same  business; 
the  want  of  quickness  ought  not  to  be  blamed  upon  the  person 
as  lack  of  industry. 

I  am  familiar  with  the  work  carried  on  in  nearly  all  the  lead- 
ing railway  repair  shops  in  Europe,  in  this  country,  in  Canada, 
and  in  Mexico,  and  I  feel  safe  in  asserting  that  when  left  to  his 
own  volition  the  American  workman  accomplishes  from  10  per 
cent,  to  25  per  cent,  more  than  any  other  mechanic. 

Nearly  all  mechanics  work  on  the  principle  of  giving  a  fair 
day's  work  for  a  fair  day's  wages.  In  British  shops  there  is  very 
little  inclination  among  those  in  charge  to  push  workmen  be- 
yond their  working  gait,  and  it  is  generally  considered  rude  to 
find  fault  with  a  man  who  is  working  steadily. 

I  had  personal  experience  in  the  first  shop  I  worked  in  in 
this  country  that  gave  me  a  striking  impression  of  the  shop 
etiquette  here  as  compared  with  that  I  had  been  accustomed  to 
in  Scotland.  I  had  been  given  a  job  which  involved  much  chip- 
ping and  filing,  and  went  at  it  on  the  same  speed  I  had  been 
accustomed  to  work.  When  I  had  been  working  about  three 
days,  the  shop  superintendent  stopped  and  watched  me  for  a  few 
minutes  and  remarked,  "  You  know  how  to  chip,  but  you're  tak- 
ing a  hell  of  a  time  over  the  job.  Remember,  you  are  not  in 
Scotland  now."     He  was  a  Scot  himself. 

I  have  been  watching  the  operation  of  Scientific  Manage- 
ment, and  I  believe  its  tendency  will  be  to  take  away  the  pride 
a  mechanic  has  in  doing  his  work — a  thing  to  be  sadly  deplored. 
There  has  been  so  much  sentiment  manifested  of  late  years  to 
work  machine  tools  up  to  their  highest  capacity  that  a  similar 
sentiment  seems  to  be  extended  to  the  man  who  is  regarded  as  a 
mere  animated  machine,  deserving  no  more  consideration  as  a 
producer  than  the  working  parts  of  an  automatic  tool. 

Another  thing  about  the  Scientific  Management  which  I  dis- 
like is  the  idea  of  having  the  workman  constantly  under  a  sort 
of  tutorage,  his  every  movement  being  supervised.  It  seems  to 
me  that  human  nature  will  resent  such  humiliating  conditions. 

I  agree  with  Mr.  S3mions  that  it  may  be  practicable  to  in- 
troduce Scientific  Management  to  new  work,  but  I  fail  to  see  how 
repair  work  can  be  done  by  that  system.  Those  supervising 
piece  work  in  repair  shops  have  great  difficulty  in  arranging 
equitable  pay  for  certain  jobs,  for  it  is  often  almost  impossible 
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to  estimate  the  time  that  a  good  mechanic  will  require  to  do  the 
work.  Repair-shop  mechanics  are  specialists  in  their  line.  Un- 
der Scientific  Management  the  inclination  is  taken  away  from 
the  workman  and  taken  up  by  the  management.  The  manage- 
ment would  need  to  consist  of  very  skilful  and  experienced 
mechanics  to  decide  in  which  way  a  difficult  repair  job  should  be 
executed.  According  to  my  judgment,  the  system  would  con- 
fuse the  workmen  without  reflecting  any  glory  on  the  manage- 
ment. 


The  Volatilization  of  the  Electrodes  in  Neon  Tubes.  Georges 
Claude.  {Mon.  Sci.,  840,  803.) — It  has  been  shown  previously 
that  the  absorption  of  the  luminescent  gas  which  takes  place  in  neon 
tubes  is  due  to  the  volatilization  or  disintegration  of  the  electrodes, 
and  that  by  diminishing  this  b}-  using  electrodes  with  large  surfaces 
the  absorption  becomes  negligible  and  thus  tubes  can  be  obtained 
which  last  a  long  time.  Moreover,  if  the  outer  skin  of  the  metal 
to  be  volatilized  has  been  treated  with  nitric  acid,  the  gas  obtained 
contains  a  very  strong  proportion  of  helium  besides  the  neon.  Three 
hypotheses  are  possible  on  this  point :  ( i )  A  selective  action  of  the 
volatilized  metal  on  the  helium  contained  in  the  neon,  which  is  in 
too  small  a  proportion  to  be  detected  by  the  spectroscope;  (2)  the 
transformation  of  neon  into  helium;  (3)  partial  transformation 
of  the  neon  into  an  ammoniacal  compound  by  the  action  of  the  nitric 
acid  on  the  neon.  The  experiments  undertaken  to  solve  this  question 
have  shown  it  was  due  to  a  selective  action :  a  very  energetic  action, 
since  it  permits  the  whole  of  the  helium  contained  in  the  neon 
(although  in  so  small  a  proportion  as  to  be  invisible  in  the  spectro- 
scope) to  be  eliminated  in  a  very  concentrated  condition.  Sir  \^^ 
Ramsay  and  Collie  have  confirmed  these  conclusions.  Travers  had 
already  separated  argon  from  helium  by  an  analogous  method.  This 
selective  action  is  due  to  the  occlusion  of  helium  in  the  copper 
forming  the  electrode. 

Action  of  Aqueous  Solutions  of  Single  and  Mixed  Electrolytes 
upon  Iron.  J.  N.  Friexd  and  J.  H.  Brown.  (Iron  and  Steel  Inst. 
Jour.,  Ixxxiii,  125.) — The  addition  of  i  gramme  of  potassium  chro- 
mate  per  litre  of  water,  corresponding  to  10  pounds  of  the  salt  per 
1. 000  imperial  gallons  of  water,  exerts  a  marked  retarding  eflfect 
upon  corrosion.  An  increase  in  the  concentration  of  the  salt,  in  the 
presence  of  small  quantities  of  sodium  chloride,  is  even  more  bene- 
ficial, as  TOO  pounds  per  1,000  imperial  gallons  gives  excellent 
protection. 
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THE   DETERMINATION   OF   TOTAL   SULPHUR   IN 
INDIA    RUBBER. 

By  C.  E.  Waters  and  J.  B.  Tuttle. 

A  coMPARATiV'E  study  was  made  of  different  methods  for 
determining  the  percentage  of  total  sulphur  in  a  sample  of 
rubber.  The  conditions  were  modified  in  many  ways,  the  en- 
deavor being,  primarily,  to  effect  the  complete  oxidation  of  the 
sulphur  to  sulphuric  acid.  It  was  shown  that  the  method  of 
Henriques  may  give  slightly  low  results,  probably  owing  to  a 
loss  of  some  of  the  free  sulphur.  By  this  method  the  rubber 
is  decomposed  by  digestion  with  nitric  acid ;  the  acid  is  then 
evaporated  off  on  the  steam-bath  and  the  residue  ignited  with 
a  mixture  of  soda  and  saltpetre.  The  hot  aqueous  extract  of 
the  melt  is  acidified  and  the  sulphuric  acid  precipitated  by 
adding  barium  chloride. 

In  order  to  avoid  the  loss  of  free  sulphur  the  authors  de- 
composed the  rubber  with  concentrated  nitric  acid  saturated  with 
bromine.  Using  pure,  powdered  sulphur,  it  was  shown  that  the 
oxidation  was  complete,  while  with  nitric  acid  alone  a  consider- 
able part  of  the  sulphur  was  not  attacked,  and  was  lost  in  the 
subsequent  ignition.  Blank  determinations  run  with  measured 
volumes  of  carefully  standardized  sulphuric  acid  show^ed  that  the 
ignition  occasions  no  loss  of  sulphur  trioxide. 


WAVE-LENGTHS    OF    NEON.^ 
By  Irwin  G.  Priest. 

Ten  wave-lengths  in  the  spectrum  of  neon  have  been  de- 
termined by  the  method  of  flexure  with  reflection  fringes  previ- 
ously described.'' 

^  To  be  published  in  the  Bulletin  of  the  Bureau  of  Standards,  vol.  8, 
Xo.  4. 

'Bulletin  of  the  Bureau  of  Standards.  6,  573;   1911,  Reprint  142. 
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The  following  values  result  from  a  long  series  of 
determinations : 

Table. 

5852.4862 I.  A ±0.0003 

5881.8958 ±0.0005 

5944.8344 ±0.0003 

6074.3383 ±0.0004 

6096.1608 ±0.0004 

6143.0600 ±0.0006 

6266.4948 ±0.0005 

6304.7929 ±0.0005 

6382.9882 ±0.0005 

6402.2392 ±0.0003 

The  probable  errors  are  in  every  case  less  than  one  part  in 
10,000,000.  This  indicates  the  precision  of  the  results.  Con- 
firmatory results  and  counter  checks  indicate  that  the  values  given 
are  reliable^  to  about  one  or  two  parts  in  6,000,000.  It  is,  there- 
fore, expected  that  these  results  will  prove  accurate  to  within 
about  one  or  tw^o  thousandths  of  an  Angstrom  unit  A  detailed 
discussion  of  the  accuracy  will  appear  in  the  complete  paper. 


THE  HYDROLYSIS  OF  SODIUM  OXALATE  AND  ITS 
INFLUENCE  UPON  THE  TEST  FOR  NEUTRALITY.' 

By  William  Blum. 

In  connection  with  the  testing  of  sodium  oxalate  for  use  as 
a  primary  standard  in  acidimetry  and  oxidimetry,  a  knowledge 
of  its  normal  alkalinity  is  essential.  Calculations  based  on  the 
generally-accepted  theory  of  hydrolysis,  using  the  most  probable 
values  of  the  ionization  constants,  indicate  that  in  a  decimolar 
solution  of  sodium  oxalate,  (H"")  i8°=2.oX  io~^.  In  such  a 
solution  phenolphthalein  should  be  converted  into  its  pink  salt 
to  the  extent  of  7.8  per  cent.,  if  we  accept  the  simple  theory  of 
indicators,  and  employ  the  value  1.7  X  lo"^''  as  the  ionization 
constant  of  phenolphthalein.  Pure  sodium  oxalate  was  prepared 
by  recrystallization  in  platinum  of  two  samples,  containing 
respectively  slight  excess  of  acid  and  alkali.     After  two  crystal- 

^  Bulletin  of  the  Bureau  of  Standards  (Reprint  No.  178),  and  Journal 
of  the  American  Chemical  Society,  34,  123-136  (1912). 
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lizations,  products  of  uniform  and  constant  alkalinity  were  ob- 
tained, which  was  accepted  as  the  criterion  of  purity.  This 
material  was  found  to  produce  a  color  equal  to  only  4  per  cent, 
transformation  of  phenolphthalein  instead  of  the  calculated  7.8 
per  cent.  Calorimetric  comparisons  with  solutions  based  upon 
Sorensen's  emf.  measurements  indicate  that  (H"")  18"^  for  o.i 
M  sodium  oxalate  is  2.5  X  io~^,  and  that  the  salt  is  hydrolyzed 
at  18"^  to  the  extent  of  0.0024  per  cent.  The  error  involved  in 
a  titration  for  neutrality,  if  this  "  normal  alkalinity  "  is  neglected, 
is  only  about  0.02  per  cent.,  which  is  practically  negligible  in  all 
analytical  work.  It  was  found  that,  contrary  to  statements  of 
Sorensen,  sodium  oxalate  solutions  do  not  decompose  on  boiling, 
but  that  in  glass  they  do  become  more  alkaline,  due  to  the  attack 
of  the  glass.  Of  various  kinds  of  glass  tested.  "  Durax  "  was 
found  to  be  most  resistant  to  such  solutions.  It  was  also  found 
that  commercial  samples  of  sodium  oxalate  may  contain  "  excess 
CO2,"  either  as  NaHCO-.  or  as  occluded  COo.  which  is  not 
readily  expelled  at  240°.  Before  testing  the  neutrality  of  sodium 
oxalate  it  is  therefore  necessary  to  boil  the  solutions  in  quartz  or 
Durax  glass  to  expel  such  CO-. 

Electrolytic  Preparation  of  Bleach.  F.  Foerster.  (Die 
Chciii.  Iiid..  xxxiv,  373.) — The  theory  of  the  production  of  bleach  is 
discussed  and  the  apparatus  for  its  production  according  to  Kellner, 
Siemens  and  Halske,  Schuckert.  Haas  and  Oettel,  is  described.  Be- 
sides these,  details  are  given  of  the  electrolytic  alkali  cells  of  Billiter 
and  others ;  the  chlorine  from  which  is  afterwards  absorbed  by 
lime.  These  cells  require  less  electric  energy  for  the  liberation  of 
chlorine  than  the  apparatus  previously  described.  For  moderate- 
sized  textile  works  the  direct  electrolytic  bleach  cells  appear  recom- 
mendable :  in  other  cases  it  is  preferable  to  use  lime  chloride  (bleach) 
or  liquefied  chlorine. 

Radio-activity  and  the  Periodic  System.  T.  Wulf.  (Anal. 
Soc.  Sci.  de  Bruxelles,  xxxv,  3,  282.) — Assuming  that  all  elements 
are  more  or  less  radio-active,  it  is  to  be  expected  that  their  atomic 
weights  would  dififer  by  four  or  multiples  of  four,  since  this  is  the 
atomic  weight  of  the  a  particle  or  helium  atom.  This  hypothesis 
is  supported  b}^  inspection  of  the  table  of  atomic  weights,  for  there 
are  two  series — 12,  16,  20,  32,  40,  44,  48,  etc..  and  19,  23,  27,  31, 
etc. — which  are  the  atomic  weights  of  known  elements.  The  atoms 
may  therefore  be  considered  in  two  groups,  their  atomic  weights 
being  represented  by  4H  and  4;?  —  i  respectively,  n  being  any 
integer. 
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Micrographic  Examination  of  Metals.  J.  S.  G.  Primrose. 
{Eng.,  Dec.  i,  191 1,  748.) — The  advantages  of  the  use  of  the  micro- 
scope in  addition  to  chemical  analysis  and  mechanical  tests  in  the 
examination  of  metals  are  set  forth.  In  the  case  of  fractures,  not 
only  can  the  examination  be  made  right  up  to  the  fracture  itself, 
but  also  incorrect  heat  treatment  or  the  presence  of  fatigue  may  be 
detected.  Microphotographs  are  given  illustrating  the  causes  of  a 
number  of  failures  in  iron  and  steel,  which  were  revealed  only  by 
this  method  of  analysis.  These  include  the  fracture  of  a  wrought- 
iron  angle  bar  which  caused  a  boiler  explosion ;  a  mild  steel  plate 
which  fractured  on  bending,  although  the  test  piece  had  passed  the 
specification  tests ;  a  locomotive  axle  which  broke  while  the  engine 
was  travelling  at  express  speed ;  and  a  motor-car  steering  rod,  the 
fracture  of  which  was  shown  to  be  due  to  imperfect  case-hardening. 
Attention  is  called  to  the  fact  that  a  piece  of  work  may  often  be 
examined  by  the  microscope  before  putting  the  material  into  service 
to  determine  whether  it  is  in  the  proper  structural  condition  for  use. 

Compound  Britannia  Metal  Sheet.  Anon.  (Brass  World, 
viii,  I,  10.) — Owing  to  the  increase  in  the  price  of  tin,  Mr.  Lewis  B. 
Tebbetts,  of  the  Hoyt  Metal  Company,  has  invented  a  compound 
Britannia  metal  sheet.  The  outside  sheet  is  composed  of  Britannia 
metal  (tin,  antimony,  and  copper),  and  the  base  sheet  is  a  lead  alloy 
(lead  and  antimony).  First  the  base  metal  is  melted  in  a  suitable 
open-face  mold,  and  on  this  base  metal,  while  it  remains  in  a  molten 
state,  an  unmolten  body  of  facing  metal  is  placed  in  the  form  of  a 
rolled  sheet.  The  facing  body  floats  on  the  surface  of  the  molten 
base  metal  until  it  becomes  fused  thereto.  The  two  plates  fused 
together  are  then  rolled  till  the  composite  metal  plate  is  of  the 
desired  thickness. 

"  Canadium,"  a  New  Element.  A.  G.  French.  (Cheiu.  News, 
civ,  283.) — A  supposed  new  metallic  element,  probably  of  the  plati- 
num group,  has  been  discovered  in  the  trap-dyke  of  the  Nelson  Dis- 
trict of  British  Columbia.  It  has  been  found  along  with  platinum 
and  metals  of  that  group  in  the  form  of  grains  and  scales,  in  quanti- 
ties varying  from  a  few  grains  weight  to  three  ounces  per  ton.  This 
metal  is  white,  of  brilliant  lustre,  softer  than  platinum,  ruthenium, 
palladium,  or  osmium,  and  has  a  melting  point  approaching  that  of 
silver.  It  is  unaffected  by  moist  air,  or  by  heating  in  air  for  a  long 
time.  Iodine,  hydrogen  sulphide,  or  soluble  sulphides  do  not  afTect 
it.  but  it  is  soluble  in  nitric  and  hydrochloric  acids,  and  acts  electro- 
negatively  to  silver  in  dilute  acids.  It  is  not  precipitated  from  its 
solutions  by  alkali  chlorides  or  iodides. 

Pitting  of  Nickel  Deposits,  Anon.  (Brass  World,  vii.  to, 
350.) — The  pitting  of  nickel  deposits  may  be  prevented  by  using 
5  to  6  ounces  of  boric  acid  in  each  gallon  of  nickel  solution.  As 
well  as  preventing  pitting,  it  gives  a  whiter  deposit. 
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(Proceedings  of  the  Stated  Meeting,  held   Wednesday,  February  21,  1912.) 

Hall  of  the  Franklin  Institute, 
Philadelphia,  February  21,  1912. 

Vice-President  James  M.  Dodge  in  the  Chair. 

Additions  to  membership  since  last  report,  24. 
The  standing  committees  for  the  year  1912-13  were  announced. 
The    following    resolution    submitted    by    the    Aeronautic    Section    was 
imanimously  adopted : 

Whereas,  The  Aero  Club  of  America  proposes  to  establish  a 
national  aeronautical  laboratory  for  systematic  investigations  in 
aeronautic  science,  and  for  comparative  tests  of  aerial  machines, 
therefore  be  it 

Resolved,  That  the  Franklin  Institute,  through  its  Secretary, 
express  to  the  Aero  Club  of  America  its  hearty  commendation  of 
the  important  enterprise,  and  proffer  its  earnest  co-operation. 

The  paper  of  the  evening  was  presented  by  Naval  Constructor  D.  W. 
Taylor,  U.  S.  N.,  on  "  Recent  Advances  in  the  Art  of  Battleship  Design." 

The  progress  made  in  this  branch  of  naval  architecture  was  described 
and  illustrated  by  means  of  lantern  slides.  The  protection  of  vessels  against 
attack  from  submarines  and  aerial  craft  was  considered,  as  well  as  the  effect 
of  gun-fire  at  various  distances.  The  changes  in  design  and  equipment 
made  during  the  past  few  years  by  the  various  maritime  nations  were  pointed 
out. 

After  a  vote  of  thanks  to  Mr.  Taylor  the  meeting  adjourned. 

R.  B.  Owens, 
Secretary. 

COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

(Abstract  of  Proceedings  of  the  Stated  Meeting,  held  Wednesday, 
February  7,  19 12.) 

Hall  of  the  Franklin  Institute, 
Philadelphia,  February  7,  1912. 

Dr.  George  A.  Hoadley  in  the  Chair. 

Mr.  Wilfred  Lewis  was  elected  chairman  for  the  year  1912. 
The  following  reports  were  presented  for  first  reading: 
No.  2370 — Gray's  Telautograph. 
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No.   251 1 — Karn's   Tunneling  Machine. 
Final  action : 

No.   2466 — Tantalum  Wave  Detector.    Action  deferred. 
No.  2506 — Sherardizing  Metallic  Surfaces. 
Scott   Medal.     Adopted. 

R.  B.  Owens, 
Secretary. 

SECTIONS. 

Section  of  Aerial  Navigation  and  Aeronautics. — The  inaugural  meeting 
of  the  Section  was  held  on  Thursday  evening,  January  25,  1912,  at  8  o'clock, 
in  the  Hall  of  the  Institute.  The  meeting  was  called  to  order  by  Dr.  George 
A.  Hoadley,  and  after  a  few  remarks  in  reference  to  the  establishment  of  the 
Section,  he  introduced  Dr.  A.  F.  Zahm,  of  Washington,  D.  C,  who  presented 
a  communication  on  "  Aeronautic  Laboratories,  Their  Establishment  and 
Operation." 

The  speaker  reviewed  the  progress  made  in  the  field  of  aerial  navigation 
during  the  past  two  decades,  and  then  described  the  work  in  the  various 
aeronautic  laboratories  now  in  existence.  The  investigations  made  by 
M.  Eiflfel  at  his  laboratory  were  described  in  detail. 

Attention  was  called  to  the  fact  that  the  Aero  Club  of  America  is  en- 
deavoring to  establish  an  aeronautic  laboratory  in  the  United  States,  for 
systematic  investigation  in  aeronautic  science  and  for  comparative  tests  of 
aerial  machines. 

On  motion  of  Mr.  Levy,  duly  seconded,  it  was  resolved  that  this  Section 
approves  this  eflfort  of  the  Aero  Club  of  America,  and  recommends  to  the 
Institute  that  it  offer  to  that  club  its  co-operation  in  the  establishment  of 
such  a  laboratory. 

After  a  brief  discussion  the  thanks  of  the  meeting  were  extended  to 
Dr.  Zahm. 

Adjourned.  R.  B.  Owexs. 

Secretary. 

Mechanical  and  Engineering  Section. — A  meeting  of  the  Section  was  held 
on  Thursday  evening,  February  i,  at  8  o'clock.  Mr.  J.  A.  P.  Cristield,  tem- 
porary chairman. 

The  minutes  of  the  previous  meeting,  as  printed  in  tlie  Jourxal.  were 
approved. 

The  Chairman  then  introduced  Mr.  Frank  Shuman.  of  Philadelphia,  who 
presented  a  communication  on  "  Sun  Power." 

The  problem  of  utilizing  the  sun's  heat  for  power  purposes  was  fully 
discussed  and  several  experimental  plants  erected  at  Tacony  by  the  speaker 
were  described.  The  application  of  sun-power  plants  for  irrigation  and  other 
purposes  in  arid  regions  was  pointed  out. 

After  a  brief  discussion  the  thanks  of  the  meeting  were  tendered  to  Mr. 
Shuman. 

Adjourned.  R.  B.  Owens, 

Secretarx. 
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Mechanical  and  Engineering  Section.. — A  meeting  of  the  Section  was  held 
on  Thursday  evening,  February  8,  1912.    Mr.  Louis  E.  Levy,  acting  chairman. 

Prof.  Lewis  M.  Haupt,  of  Philadelphia,  presented  a  communication  on 
"  The  Improvement  of  Our  Rivers  and  Harbors,"  in  which  he  reviewed  the 
work  which  has  been  done  in  the  various  navigable  channels  and  described 
the  results  obtained  by  the  Reaction  Breakwater. 

The  paper  was  illustrated  by  lantern  slides  and  models. 

After  a  brief  discussion  the  Chairman  extended  the  thanks  of  the  meeting 
to  Professor  Haupt. 

Adjourned. 

R.  B.  Owens, 

Secretary. 

Electrical  Section.— A  joint  meeting  of  this  Section  and  the  Philadelphia 
Section  of  the  American  Institute  of  Electrical  Engineers  was  held  on 
Thursday,  February  15,  1912.  Mr.  Thomas  Spencer  and  Mr.  H.  Clyde  Snook 
presided  jointly. 

The  paper  of  the  evening,  on  '"  Alternating  Current  Development  in 
America,"  was  presented  by  Mr.  William  Stanley,  of  Great  Barrington,  Mass. 
The  speaker  reviewed  the  progress  of  alternating  current  development  from 
its  beginning  in  this  country,  and  described  much  of  the  early  experimental 
work  of  various  inventors  who  made  it  possible  to  bring  this  branch  of  the 
electrical  industry  to  its  present  high  state  of  perfection. 

The  subject  was  illustrated  by  numerous  lantern  slides. 

In  the  discussion  which  followed  the  paper,  remarks  were  made  by  Mr. 
Ralph  W.  Pope,  Dr.  Hoadley,  Messrs.  Hering,  Snook,  Spencer,  and  others. 

On  motion  of  Dr.  Hoadley,  seconded  by  Mr.  Hering,  the  thanks  of  the 
meeting  were  extended  to  Mr.  Stanley. 

Adjourned.  R.  B.  Owens, 

Secretary. 


MEMBERSHIP  NOTES. 
Elections  to  Membership. 


Mr.  J.  B.  Baker,  Superintendent  Philadelphia  Terminal  Division,  Broad 
Street  Station,  Philadelphia. 

Prof.  James  Barnes,  Bryn  Mawr  College,  Bryn  Mawr,  Philadelphia. 

Mr.  John  Hampton  Barnes,  Morris  Building,  Philadelphia. 

Mr.  Calvin  W.  Barwis,  Maintenance  of  Way  Department,  Broad  Street 
Station,  Philadelphia. 

Mr.  Edward  P.  Bordex,  2038  Spruce  Street,  Philadelphia. 

Mr.  R.  J.  Brunker.  The  Western  Saving  Fund  Society,  Tenth  and  Walnut 
Streets.   Philadelphia. 

Mr.  Edward  S.  Buckley,  Jr.,  Real  Estate  Trust  Company,  Broad  and  Chest- 
nut Streets,  Philadelphia. 

Mr.  Alfred  E.  Burke,  409  Arch  Street,  Philadelphia. 
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Mr.  Thos.  de  Witt  Cuyler,  701  Arcade  Building,  Philadelphia. 

Mr.  H.  M.  Deemer,  Secretary,  The  Midvale  Steel  Company,  Box  1606,  Phila- 
delphia. 

Mr.  Benjamin  Franklin,  1420  Chestnut  Street,  Philadelphia. 

Mr.  Henry  Glover,  6445  Emlen  Street,  Germantown,  Philadelphia. 

Mr.  Lincoln  Godfrey,  248  The  Bourse,  Philadelphia. 

Prof.  Arthur  W.  Goodspeed,  University  of  Pennsylvania,  Philadelphia. 

Mr.  George  R.  Henderson,  Baldwin  Locomotive  Works,  Philadelphia. 

Mr.  David  W.  Jayne,  care  Barrett  Manufacturing  Company,  Frankford, 
Philadelphia. 

Mr.  C.  p.  Landreth,  43  North  Seventh  Street,  Philadelphia. 

Mr.  L.  R.  Lemoine,  U.  S.  Cast  Iron  Pipe  and  Foundry  Company,  Morris 
Building,  Philadelphia. 

Mr.  Samuel  Rea,  Broad  Street  Station,  Philadelphia. 

Mr.  a.  M.  Schrauder,  The  Philadelphia  Textile  Machinery  Company,  Han- 
cock and  Somerset  Streets,  Philadelphia. 

Mr.  E.  R.  Whitney,  825  North  Twenty-seventh  Street,  Philadelphia. 

Mr.  Charles  Wirt,  129  Cliveden  Avenue,  Germantown,  Philadelphia. 

non-«esident. 

Mr.  Edward  H.  Blade,  Millville,  N.  J. 

Prof.  W.  S.  Franklin,  Lehigh  University,  South  Bethlehem,  Pa. 

Changes   of  Address. 

Mr.  George  C.  Reese,  Darby,  Delaware  County,  Pa. 

Mr.  James  Rice,  care  E.  G.  Bennett,  1006  Jefferson  Street,  Wilmington,  Del. 

Mr.  Theodore  N.  Ely,  Bryn  Mawr,  Pa. 

Dr.  D.  S.  Jacobus,  70  Summit  Avenue,  Jersey  City,  N.  J. 

Mr.  Byron  E.  Eldred,  care  Commercial-Research  Company,  Tuckahoe,  N.  Y. 


NECROLOGY. 


Mr.  George  J.  Harding,  926  Land  Title  Building,  Philadelphia. 
Mr.  E.  W.  Miller,  1222  Mt.  Vernon  Street,  Philadelphia. 
Mr.  Charles  E.  Ronaldson,  4017  Locust  Street,  Philadelphia. 
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Purchases. 

Hutchinson,  R.  W.,  Jr.— High  Efficiency  Electrical  Illuminants  and  Illumi- 
nation. 
Lanza,  G. — Dynamics  of  Machinery. 
HiTT,  R.  (comp.) — Electric  Railway  Dictionary. 
Peary,  R.  E.— The  North  Pole.     Second  Edition. 
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Karapetoff,  v. — Engineering  Applications   of   Higher   Mathematics,  part  I. 

Leiser,  H. — Wolfram. 

Arrhenius,  S. — Lehrbuch  der  Electrochemie. 

HuTTE — Des  Ingenieurs  Taschenbuch.     3  Volumes. 

Vienna. — Second    International    Congress    of     Refrigeration     Reports     and 

Proceedings.     English   edition. 
Wright,  L. — Optical   Projection.     Fourth  edition. 
Peckham,   S.   F. — Solid  Bitumens. 
Massachusetts    Institute    of    Technology.    Congress    of    Technology,    191 1. — 

Technology  and  Industrial  Efficiency. 
Alford,  L.   p. — Bearings  and  Their  Lubrication. 
Field,  S. — The  Principles  of  Electro-deposition. 

Bell,  J.  S. — The  Early  Motive  Power  of  the  Baltimore  and  Ohio  Railroad. 
Karapetoff,  V. — Experimental  Electrical  Engineering.    2  volumes. 
Lamb,   H. — Hydrodynamics.     Third   edition. 

Gifts. 

Glasgow,  Royal  Philosophical  Society,  Proceedings,  vol.  42,  igio-ii.  Glas- 
gow,  191 1.     (From  the  Society.) 

U.  S.  Navy  Department.  Ship's  Data,  U.  S.  Navy  Vessels,  191 1.  Wash- 
ington,  D.    C,    1912.     (From   the   Department.) 

Master  Car  Builders'  Association,  Proceedings  of  the  45th  Annual  Conven- 
tion, held  at  Atlantic  City,  N.  J.,  June  19,  20  and  21,  1911.  Chicago, 
1911.     (From  the  Association.) 

American  Climatological  Association,  Transactions,  vol.  27,  191 1.  Philadel- 
phia,   1911.     (From   the  Association.) 

Princeton  University.  Catalogue,  1911-12.  Princeton.  1911.  (From  the 
University.) 

University  of  Cincinnati,  Annual  Catalogue,  1911-12.  Cincinnati,  1911. 
(From  the  University.) 

Yale  University,  General  Catalogue,  1911-12.  New  Haven,  1911.  (From 
the  University.) 

University  of  Nebraska,  General  Catalogue,  1911-12.  Lincoln,  1911.  (From 
the  University.) 

Georgia  Geological  Survey,  Bulletin  No.  26,  Preliminary  Report  on  the 
Geology  of  the  Coastal  Plain  of  Georgia.  By  Otto  Veatch  and  Lloyd 
W.  Stephinson.     Atlanta,   1911.     (From  the  Survey.) 

Pratt  Institute,  Catalogue,   1911-12.     Brooklyn,  1911.     (From  the  Institute.) 

United  States  Brewers'  Association,  Year-Book  of  the  51st  Annual  Con- 
vention, Chicago,  1911.     New  York,  1911.     (From  the  Association.) 

American  Institute  of  Electrical  Engineers,  Year-Book  for  1912.  New  York, 
no  date.     (From  the  Institute.) 

University  of  Minnesota,  Catalogue,  1911-12.  Minneapolis,  igii.  (From 
the  University.) 

Alabama  Geological  Survey.  Bulletin  No.  10,  Reconnoissance  Report  on  the 
Fayette  Gas  Field  by  M.  J.  Munn.     Bulletin  No.   11,   Roads  and  Road 
Materials    of    Alabama,    by    William     F.     Prouty.     Montgomery,     191  r. 
(From  the   Survey.") 
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Iron  and  Steei  Institute  Journal,  vol.  84,  1911,  part  2.    London,  1911.     (From 

the  Institute.) 
Illinois    State    Mining   Board.     30th   Annual    Coal    Report   of    Illinois,    191 1. 

Springfield,    1912.     (From   the    Board.) 
Massachusetts   Board  of  Education.     7Sth  Annual  Report,   1910-11.     Boston, 

1912.     (From  the  Board.) 
Ministero  di  Agricoltura,  Industria  e  Commercio — Statistica  degli  Impianti 

Elettrici  Attivati  od  Ampliati  in  Italia  nel  decennio   1899-1908.     Roma, 

191 1.     (From    the    Minister.) 
U.  S.  Xavy  Department.     Navy  Year-Book  191 1,  edited  by  Woodbury  Pul- 

sifer.     Washington,   191 1.     (From  the  Department.) 


BOOK  NOTICES. 

The  Early  Motive  Power  of  the  Baltimore  and  Ohio  Railroad.  By  J. 
Snowden  Bell.  157  pages  and  55  illustrations.  8vo.  Cloth.  Angus  Sin- 
clair Co.,  New  York,  191 1.     Price,  $2. 

This  book  is  a  historical  review  of  the  origin  and  development  of 
the  motive  power  of  the  Baltimore  and  Ohio  Railroad,  the  first  American 
road  of  any  considerable  length.  It  includes  descriptions  and  illustrations 
of  the  following  interesting  types  of  early  locomotives :  Peter  Cooper's 
engine,  the  first  built  in  the  United  States,  operated  on  the  road  in  1830; 
the  "  Grasshopper  "  engines  of  Gillingham  and  Winans  and  the  "  Crabs  "  of 
Winans  in  1837.  Then  follow  Henry  Campbell's  locomotive  with  the  first 
equalizing  beams  and  swivelling  truck;  Eastwick  and  Harrison's  engine  of 
1835  with  single  eccentric  valve  motion  and  with  reversible  valve  seat, 
and  the  New  Castle  engines — the  first  4-4-0  with  independent  cut-off. 
Mason's  engine,  put  on  the  road  in  1856,  the  first  to  be  fitted  with  link  motion 
valve  gear  and  having  also  cylinders  bolted  to  a  cast  iron  saddle  to  which 
was  fitted  a  round  smoke-box,  is  accorded  due  recognition.  These  engines 
also  had  peculiarly  arranged  steam  pipes  connected  direct  to  the  steam- 
chest.  Then  follow  W^inans'  "  Mud-Diggers,"  which  had  horizontal  cylinders 
and  the  main  rods  coupled  to  cranks  on  a  shaft  extending  across  the  frames 
and  geared  by  spur  wheels  to  the  back  driving  axle. 

Baldwin's  six  and  eight-wheel  articulated  and  the  "  Company's  "  eight- 
wheel  engine,  and  Ross  Winans'  Campbell  engine,  in  which  the  cut-off  was 
actuated  by  means  of  cams  attached  to  the  main  valve,  are  next  described. 
These  are  followed  by  Hayes'  "  ten-wheelers,"  which  were  similar  to  Ross 
Winans'  engines,  but  had  six  coupled  wheels  and  a  four-wheeled  truck. 

Following  this  the  author  describes  the  Tyson  ten-wheelers,  built  of  a 
more  modern  style  than  the  Hayes  engines,  having  the  cab  on  the  back  end, 
etc.  He  then  gives  an  account  of  the  controversy  between  the  B.  &  O.  officials 
and  Ross  Winans  in  regard  to  the  most  economical  type  of  engine  for  the 
road. 

A  description  of  Perkins'  ten-wheelers — built  by  Thatcher  Perkins,  who 
succeeded  Henry  Tyson — having  the  first  Gooch  link  motion,  precedes 
examples  of  modern  practice  adopted  by  the  road. 
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While  the  book  primarily  relates  to  the  history  of  the  B.  &  O.  Railroad 
as  pertaining  to  its  equipment,  it  nevertheless  includes  examples  of  practice 
without  which  the  history  of  the  American  locomotive  in  general  would  be 
incomplete. 

The  Elements  of  Graphic  Statics  and  of  General  Graphic  Methods.     By 

William     Ledyard     Cathcart,     member     American     Society     of     Naval 

Engineers,   etc.,   and   J.   Irvin    Chaffee,   A.M.,  professor   of   mathematics 

at    Webbs    Academy,    vii  -\- 312  pages.     159  illustrations.     8vo.     Cloth. 

Price,  $3  net.     D.  Van  Nostrand  Company,  New  York,  1910. 

The  scope  and  plan  of  this  work  resembles  that  of  books  of  European 

rather  than  of  American  authorship.     It  embraces  the  theor}'  of  beams,  the 

treatment   of    roof    and    bridge   trusses,    etc.,    and    includes    the    grapliics    of 

friction  and  moment  diagrams  for  shafting. 

The  fundamental,  theory  of  beams  is  compiled  from  the  works  of 
Lineham,  Goodman  and  Cotterill.  Problems  are  included  with  each  section 
except  the  two  on  this  subject.  Methods  are  recommended  for  finding  statical 
moment,  moment  of  inertia,  and  the  deflection  of  beams  by  using  the  force 
polygon.  It  is  not  apparent,  however,  how  the  deflection  of  a  beam  having 
a  variable  moment  of  inertia  may  be  obtained  by  this  graphical  method. 

On  the  whole,  the  examples  in  the  book  are  well  chosen  and  the  illustra- 
tions helpful. 

The  Temperature  Entropy  Diagram.  By  Charles  W.  Berr\-,  assistant 
professor  of  mechanical  engineering  in  the  Massachusetts  Institute  of 
Technology,  xv  +  393  pages.  Illustrations.  i2mo.  New  York,  John 
Wiley  &   Sons,    1911.     Price,  $2. 

This  book,  now  in  its  third  edition,  is  an  intermediate  treatise  on 
graphical  thermodynamics,  and  as  such  should  be  of  value  to  technical  students 
and  others  who  wish  to  study  this  highly  fascinating  and  practical  applica- 
tion of  mathematics  to  the  theory  of  steam  and  other  heat  engines,  etc. 

The  chapters  are  progressive,  dealing  with  perfect  gases  and  with 
working  fluids,  and  analyzing  typical  cycles. 
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Engineering  as  a  Vocation.  By  Ernest  McCullough,  C.E.  201  pages, 
i2mo.     New  York,  David  Williams  Company,   191 1.     Price,  in  cloth,  $1. 

Philadelphia  Taxpayers  Committee  on  City  Finances.  Report  for  the 
years  1910  and  191 1.     16  pages,  8vo.     Philadelphia,  1912. 

The  Stereophagus  Pump  and  Special  System  of  Pumping.  By  the  Hon. 
R.  C.  Parsons.    42  pages,  illustrations,  plates,  maps,  8vo.     London,  no  date. 

Carbonising  Coating,  the  greatest  preserver  of  iron  and  steel  construction. 
24  pages,  illustrations,  8vo.  Canton,  Ohio,  Goheen  Manufacturing  Company, 
no  date. 

U.  S.  Bureau  of  Mines.  Technical  Paper  6.  The  rate  of  burning  of 
fuse  as  influenced  by  temperature  and  pressure.  By  Walter  O.  Snelling  and 
Willard  C.  Cope.  28  pages,  8vo.  Washington,  Government  Printing  Office, 
1912. 
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The  Fata  Morgana.  F.  A.  Forel.  {Rev.  Sci.,  xlix,  24,  763.)  — 
As  is  well  known,  this  phenomenon  appears  in  calm  weather  and  is 
the  apparition  on  the  opposite  bank  of  a  lake,  or  of  a  strait,  of  an 
unexpected  image  of  strange  towns,  castles,  and  palaces,  which  soon 
disappear.  It  is  sometimes  seen  on  the  lake  of  Geneva  during  the 
afternoon  of  fine  days  in  the  spring  or  summer.  !M.  Forel  considers 
these  appearances  are  due  to  the  distribution  of  the  temperatures  in 
the  strata  of  air  above  the  lake.  In  the  morning,  when  the  tempera- 
ture of  the  air  is  lower  than  that  of  the  water  the  horizon  on  the 
opposite  bank  seems  to  be  notably  lower  than  the  true  horizon,  and 
the  rotundity  of  the  earth  seems  exaggerated.  Towards  the  end 
of  the  afternoon,  the  air  being  hotter  than  the  surface  of  the  water, 
the  horizon  seems  higher  than  the  true  horizon,  and  its  circumference 
seems  to  recede.  The  Fata  Morgana  is  seen  at  the  moment  when 
the  one  condition  changes  to  the  other. 

Starch  from  Potatoes.  Anox.  (Mo)i.  Sci.  {Mercure),  v,  840, 
91.) — According  to  the  Chemische  Industrie,  there  are  500  concerns 
actually  occupied  in  the  production  of  starch  from  potatoes.  M<--r 
of  these  concerns  are  agricultural  enterprises,  and  only  about  fifty 
can  be  considered  as  industrial.  As  the  yield  is  only  20  per  cent., 
and  the  raw  vegetable  will  not  stand  long  transportation,  these 
factories  are  chiefly  found  in  the  east  of  Germany.  The  provinces 
of  Brandenberg,  Pomerania,  Posnania,  Silesia,  and  East  and  West 
Prussia  furnish  one-half  of  the  production. 

German  Specifications  for  Roofing-felt  Boards.  Axon. 
(Papierfabrikant,  ix,  1440.) — With  the  co-operation  of  the  K. 
Prenss.  Material-prufungsamt,  an  agreement  has  been  reached  be- 
tween the  German  societies  representing  the  manufacturers  and  the 
impregnators  of  roofing-felt  boards  on  the  following  specifications 
for  such  boards :  The  only  raw  materials  permitted  are  rags,  fibrous 
wastes  from  the  textile  industries,  and  waste  paper.  The  selection 
and  blending  of  these  materials  are  left  to  the  manufacturers :  the 
addition  of  mechanical  wood-pulp,  peat,  sawdust,  and  mineral  load- 
ings is  forbidden.  The  percentage  of  ash  and  moisture  in  the  air- 
dry  board  must  not  exceed  12.  Any  boards  which  absorb  less  than 
120  per  cent,  of  ordinary  anthracene  oil  at  the  room  temperature  are 
to  be  regarded  as  defective.  Boards  of  normal  substance  (333 
grammes)  and  over  must  show  a  breaking  strain  of  at  least  4  kilos. 
on  a  strip  15  mm.  wide  cut  in  the  machine  direction.  These  specifi- 
cations relate  only  to  boards  up  to  No.  150  (150  sq.m.  =  50  kilos. V 
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Weighted  Silks.  P.  Sisley.  {Rev.  Gen.  Mat.  Col,  xv,  337.)  — 
Under  certain  atmospheric  conditions  weighted  silk  becomes  weak, 
and  the  tendering  of  the  fibre  is  greatly  accelerated  if  it  is  exposed 
to  the  light.  It  is  found  that  ammonium  thiocyanate,  thiourea,  and 
salts  of  hydroxylamine  prevented  to  a  large  extent  the  tendering 
due  to  the  action  of  light.  Thus  a  fabric  which,  after  exposure  to 
light  for  three  weeks,  was  weakened  as  much  as  40  per  cent.,  lost 
only  18  per  cent,  when  previously  impregnated  with  a  3  per  cent, 
solution  of  ammonium  thiocyanate  or  thiourea,  while  the  same  silk- 
impregnated  with  a  3  per  cent,  solution  of  hydroxylamine  was  prac- 
tically unimpaired  after  the  same  exposure.  Further  experiments 
showed  that  hydroxylamine  and  its  salts  are  unable  to  prevent  ten- 
dering from  heat  or  exposure  to  air,  while  ammonium  thiocyanate 
and  thiourea  largely  reduced  the  tendering,  from  64  per  cent,  to 
10  or  II  per  cent.  This  is  explained  by  the  fact  that  the  tendering 
caused  by  light  is  due  to  oxidation  of  the  fibre  by  stannic  hydroxide, 
and  hydroxylamine  takes  up  the  oxygen.  The  tendering  caused  by 
he^at  or  air  (in  the  absence  of  light)  is  due  to  traces  of  iron 
or  copper  acting  as  oxidation  catalysts,  and  the  thiocyanate  or  thio- 
urea combines  with  iron  and  copper  to  form  stable  and  inactive 
compounds. 

Ceramic  Fluxes  and  Fusion.  R.  C.  Purdy.  {Trans.  Anier. 
Ceramic  Soc.,  xiii,  75.) — A  flux  is  defined  as  that  substance  or  mix- 
ture of  substances  which  in  a  given  mixture  is  the  first  to  liquefy  and 
become  the  solvent  for  the  other  components;  from  this  starting 
point  the  idea  that  bases  are  always  fluxes  is  combated.  It  is  shown 
from  practical  examples  that  such  bases  as  lime  and  magnesia  often 
melt  in  a  mixing  after  the  silicates — e.g.,  feldspar — which  have 
been  introduced  as  a  raw  material  and  after  the  eutectics  which  are 
formed,  and  thus  act  as  secondary  fluxes.  It  is  impossible  to  classify 
ceramic  materials  into  fluxes  and  refractories,  as  an  excess  of  any 
component  above  the  amount  needed  to  form  eutectics  causes  that 
component  to  act  as  a  refractory. 

Electroplating  Stoneware.  Anon.  {Brass  World,  yii,  12, 
434.) — G.  Strahl,  in  the  Electrochem.  Zeitung,  says:  "  The  difficulty 
in  electroplating  stoneware  lies  in  producing  a  durable  conducting 
layer  on  the  stoneware.  This  may  he  done  by  applying  to  the  ware 
a  mixture  of  birch-oil,  asphaltum,  petroleum,  and  '  gold-graphite,' 
and  then  burning  in  a  muffle  to  200°  C.  '  Gold-graphite '  is  made 
by  mixing  2  grammes  of  pure  gold  chloride  with  10  grammes  of 
potassium  cyanide  and  water  and  adding  i  gramme  of  pure  graphite, 
and  then  heating  to  600°  C.  in  a  muffle.  A  mixture  containing  12 
parts  of  '  gold-graphite '  to  5  parts  of  petroleum  is  recommended. 
The  ware  should  be  finally  burned  in  a  strongly-reducing  atmos- 
phere to  form  a  carbon  deposit  in  the  outer  layer.s  of  the  pottery; 
this  is  said  to  increase  the  tenacity  of  the  metallic  deposit." 
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Effect  of  Temperature  on  Dielectric  Strength  of  Porcelain 
Insulators.  C.  E.  Henderson  and  G.  O.  Weoier.  (Trans. 
Amcr.  Cerain.  Soc,  xiii,  469.) — A  porcelain  insulator  of  the  com- 
position zy  per  cent,  of  Tennessee  ball  clay.  No.  7.  6  per  cent,  of 
Tennessee  ball  clay,  No.  3,  16  per  cent,  of  Georgia  kaolin,  16  per 
cent,  of  American  eureka  tlint,  and  35  per  cent.  American  eureka 
feldspar,  was  found  to  become  a  conductor  at  or  about  400''  F. 

The  Origin  of  White  Residual  Kaolins.  H.  Riess.  {Trans. 
Amer.  Ccraiii.  Soc,  xiii,  51.) — Six  theories  of  the  origin  of  white 
residual  kaolins  are  reviewed,  both  historically  and  with  regard  to 
the  arguments  pro  and  con.  Five  agree  in  ascribing  the  parentage  of 
kaolin  to  feldspar,  and  they  explain  its  formation  by:  (a)  Simple 
mechanical  weathering,  (b)  post-volcanic  emanations  (sometimes 
called  the  pneumatolytic  theory),  (c)  ascending  spring  waters  con- 
taining carbon  dioxide,  (d)  waters  draining  from  swamps  or  peat 
bogs,  charged  with  humic  and  carbonic  acids,  (e)  sulphuric  acid 
or  sulphate  solutions.  The  sixth  and  last  theory  regards  kaolin  as 
the  decomposition  product  of  muscovite.  The  author  considers 
that  all  the  workable  deposits  of  the  United  States  and  many  in  Cen- 
tral Europe  have  been  produced  by  the  action  of  surface  waters, 
whether  entering  direct  from  the  surface  or  filtering  through  a 
swamp  or  bed  of  peat. 

Adsorption  of  Radio-active  Substances  by  Colloids.  E.  Ebler 
AND  M.  Fellner.  (Zcit.  Anorg.  Chenu,  Ixxiii,  i.) — It  is  probable 
that  the  prevalence  of  radio-active  materials  in  mineral  springs  and 
their  sediments  is  partly  due  to  adsorption  by  the  inorganic  colloids 
which  are  always  present.  Radium  salts  are  readily  adsorbed 
by  the  colloids  of  rubber,  so  much  so  that  special  precautions  are 
necessary  when  radium  bromide  is  kept  in  an  ebonite  capsule. 
Radio-lead  (radium  D,  E,  and  F)  can  be  freed  from  inactive  lead 
and  made  richer  in  radium  F  (polonium)  by  fractional  adsorption 
with  gelatinous  silicic  acid.  Radium  emanation  is  readily  adsorbed 
by  silicic  acid  gel,  and  is  more  soluble  in  silicic  acid  sols  than  in 
distilled  water.  ]\Iixtures  of  uranium  and  uranium  X  can  be  separ- 
ated bv  repeated  adsorption  with  silicic  acid  gel,  as  the  uranium  X 
is  much  more  readily  adsorbed. 

Copper  Tubes  for  Automobiles.  A.non,  (Brass  World,  vii, 
12.  419.) — Copper  tubing  is  much  more  reliable  than  brass  for 
automobile  work,  whether  for  conveying  gasolene,  acetylene  gas, 
com.pressed  air,  or  oil.  Brass  is  apt  to  crystallize  on  account  of  the 
constant  vibration  and  the  bending  of  the  tube  back  and  forth,  and 
the  breakage  of  one  of  these  pipes  simply  cripples  the  car.  Copper 
does  not  crystallize  readily,  and  may  be  considered  "  safe,"  undei 
such  strains  of  vibration,  shock,  and  bending  as  would  assuredly 
cr}'Stallize  brass. 
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Solubility  of  Radium  Emanation.  R.  W.  Boyle.  (Phil.  Mag., 
xxii,  840.) — This  article  describes  experiments  on  the  solubility 
of  radium  emanation  in  water  and  other  liquids,  which  show  that 
Henry's  law  is  valid ;  at  any  one  temperature  the  coefficient  of  solu- 
bility (i.e.,  the  ratio  of  the  concentration  of  the  emanation  in  the 
liquid  to  its  concentration  in  the  gas  acting  as  a  carrier)  is  inde- 
pendent of  the  concentration  of  the  emanation,  and  of  the  nature 
and  pressure  of  the  other  gas,  and  depends  only  on  the  nature  of  the 
absorbing  liquid.  In  comparison  with  many  ordinary  gases  the 
emanation  is  fairly  soluble  in  water,  as  the  following  figures  show. 
at  the  chosen  temperature  of  14°  C.  Coefficients  of  solubility :  hydro- 
gen, 0.02;  nitrogen,  0.02;  oxygen,  0.04;  ethylene,  0.17;  nitric  oxide, 
0.28;  nitrous  oxide,  0.81;  carbon  dioxide,  i.i  ;  hydrogen  sulphide. 
3.3 ;  radium  emanation,  0.303.  As  to  variation  by  temperature,  the 
emanation  coefficient  at  0°  C.  is  0.507  and  at  40°  C.  is  0.153.  At 
14°  C.  a  quantity  of  emanation  will  distribute  itself  between  equal 
volumes  of  water  and  gas  so  that  about  one-quarter  will  go  to  the 
water  and  three-quarters  to  the  gas ;  at  0°  C,  one-third  will  go  to 
the  water  and  two-thirds  to  the  gas.  Mercury  does  not  absorb  the 
emanation;  sea- water  of  specific  gravity  1.022  at  14°  C.  absorbs 
about  0.84  times  as  strongly  as  water.  Organic  liquids  absorb  very 
strongly.  At  14°  C.  ethyl  alcohol  (absolute)  absorbs  24  times, 
amyl  alcohol  31  times,  and  toluene  45  times  as  strongly  as  water. 

Chemical  Porcelain.  G.  A.  Murray.  (Trans.  Amer.  Cerami. 
Soc,  xiii,  585.) — Chemical  porcelain  is  designed  to  meet  sudden 
changes  of  temperature.  The  best  mixtures  for  this  purpose  con- 
tain 15  per  cent,  or  less  of  feldspar  and  about  40  per  cent,  of  clay. 
If  the  proportion  of  spar  be  higher,  then  a  high  content  of  clay  or 
flint  is  better  than  a  nearly  equal  quantity  of  each.  Bodies  of  rela- 
tively high  absorption  withstand  cracking  better  than  those  of  low 
absorption,  except  in  the  case  of  bodies  high  in  flint. 

Pitch  of  the  Sound  Produced  by  Alloys  and  its  Variation 
with  the  Temperature.  F.  Robin.  (Comptes  Rendus,  cliii,  665.)  — 
In  the  case  of  tuning-forks  of  alloy  steels,  it  is  found  that  chromium 
raises  the  pitch  of  the  sound  produced,  while  nickel  lowers  it,  and 
that  the  pitch  is  at  its  lowest  in  an  alloy  containing  36  per  cent, 
of  nickel.  The  influence  of  variation  of  temperature  on  the  pitch 
of  the  sound  is  discussed,  and  it  is  shown  in  the  case  of  nickel- 
steels  that  this  effect  varies  considerably  according  to  the  nickel 
content.  The  following  alloy  steels  (containing  about  o.i  per  cent, 
of  carbon)  are  recommended  for  the  production  of  tuning-forks 
which  will  be  practically  unaffected  by  change  of  temperature  within 
the  limits  given:  44.5  per  cent,  of  nickel  and  2  of  manganese  un- 
affected between  0°  to  50°  C. ;  47  per  cent,  of  nickel  and  3  of  chro- 
mium, between  0°  and  60°  C ;  42.4  per  cent,  of  nickel  and  1.5  of 
chromium,  between  0°  and  100°  C. ;  and  45  per  cent,  of  nickel,  be- 
tween 0°  and  100°  C. 
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Sand  for  Extinguishing  Fires.  Irvine  Kempt.  (Amer. 
Mach.,  XXXV,  25,  1159.) — Mr.  Kampt  has  failed  to  notice  any  refer- 
ence to  the  efficiency  of  sand  as  an  extinguisher  in  the  notices  of  fires 
in  factories.  His  experience  is  that  in  factories  in  which  alcohol, 
kerosene,  and  gasolene  were  in  daily  use  buckets  of  sand  were  kept 
in  easy  reach  and  repeatedly  proved  an  effective  means  of  smother- 
ing fire  before  it  became  serious.  Of  course,  sand  is  not  desirable 
among  machinery,  but  that  is  preferable  to  total  destruction.  Fac- 
tory fires  will  not  be  materially  decreased  till  there  is  more  intelligent 
inspection  upon  the  part  of  the  fire  underwriters.  The  employment 
of  men  who  know  something  of  factory  life  and  methods,  and  with 
the  necessary  courtesy  and  firmness  to  secure  the  carrying  out  of 
their  recommendations  for  the  prevention  of  fire,  will  be  a  long 
step  forward.  (The  abstractor  can  verify  the  value  of  sand  as  a 
fire-extinguisher  from  personal  experience  in  oil  factories.) 

Protection  from  Rust.  Anon.  (Brass  World,  vii,  12,  432.)  — 
Iron  and  steel  can  be  satisfactorily  protected  from  rust  by  electro- 
galvanizing.  This  does  not  compete  with  hot  galvanizing  to  any 
great  extent,  but  has  replaced  coverings  of  other  metals,  such  as 
nickel  or  copper.  As  a  protection  against  rust,  electrogalvanizing 
has  been  found  far  superior  to  these  metals. 

Wood  Distillation  in  Sweden.  Anon.  {Oil.  Paint  and  Drug 
Rep.,  Dec.  4,  191 1.) — The  chief  products  obtained  by  the  destructive 
distillation  of  wood  are  charcoal,  wood  naphtha  of  64°,  methyl 
alcohol,  pyroligneous  (crude  acetic)  acid,  technical  and  crystallized 
acetic  acid,  formaldehyde,  creosote,  turpentine,  lampblack,  tar  oil, 
pitch,  etc.  Little  effort  is  made  to  further  isolate  the  other  constit- 
uents, or  to  use  those  separated  for  the  manufacture  of  other  deriva- 
tives. Forty  years  ago  factories  were  established  in  Sweden  for  the 
destructive  distillation  of  the  stumps  of  spruce  and  other  conifers, 
to  obtain  the  crude  wood  oil,  used  as  a  substitute  for  turpentine. 
This  manufacture  has  not  been  very  successful,  as  the  product  can 
not  be  obtained  free  from  a  pronounced  burnt  odor.  Six  small 
factories  are  engaged  in  this  distillation.  For  a  country  so  rich  in 
conifers  as  Sweden  the  production  of  resin  and  turpentine  is  very 
limited.     Four  hundred  tons  of  turpentine  are  imported  annually. 

Source  of  Vanadium.  Anon.  (Brass  World,  vii,  12.  420.)  — 
All  the  vanadium  now  used  in  the  United  States  is  practically 
obtained  from  one  source.  Extensive  deposits  of  vanadium  ore  are 
located  in  Peru,  South  America,  and  these  are  controlled  by  Ameri- 
can interests. 

Manufacture  of  Rubber  Molds.  Anox.  (Brass  World,  vii. 
12,  426.) — Metals  which  are  not  acted  upon  by  sulphur  should  be 
used,  therefore  the  copper  or  lead  alloys  are  not  serviceable.  Alu- 
minum, iron,  or  tin  alloys,  such  as  Babbitt  metal,  are  useful  for  this 
purpose. 
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Degumming  Silks  by  the  Froth  of  Soap  Solutions.  G.  Co- 
lombo AND  G.  Baroni.  {Rev.  Gen.  Mat.  Col.,  xv,  342.) — Schmid 
Freres  patented  a  machine  for  degumming  silk  by  hanging  it  in  the 
froth  from  a  boihng  soap  solution.  This  process,  which  is  exten- 
sively used  in  the  industry,  is  compared  with  the  ordinary  process  of 
boiling  the  silk  in  a  soap  solution.  The  conclusions  reached  are: 
(a)  The  froth  method  extracts  the  sericin  from  raw  silk  as  com- 
pletely as  the  immersion  process,  but  the  silk  loses  less  weight,  be- 
cause a  small  quantity  of  soap  remains  on  the  material.  (6)  The 
process  is  completed  more  quickly  with  the  new  than  with  the  old 
method,  (c)  The  influence  of  hard  water  is  no  greater  with  the 
"froth"  process  than  with  the  ordinary  process.  {d)  If  the 
silk  has  been  treated  with  soaps,  fatty  substances,  or  other  agents 
to  facilitate  the  working  of  the  fibre  and  subsequently  conditioned, 
the  froth  method,  like  the  ordinary  soaping  process,  is  not  so  effi- 
cient, {e)  The  strength  and  elasticity  of  the  fibre  and  its  behavior 
towards  weighting  substances  or  dyestuft  solutions  are  the  same 
after  both  processes.  (/)  The  froth  process  leaves  the  fibre  in  a 
better  condition  as  regards  handle  and  lustre.  Moreover,  as  the 
fibres  are  less  agitated  during  the  process,  they  are  in  a  better  con- 
dition for  subsequent  working. 

The  Sun.  Ernest  Coustel.  {Revue  Sci..  xlix,  24,  745.)  — 
An  exhaustive  article  touching  on  the  importance  of  solar  study,  the 
constitution  of  the  sun,  the  solar  dusts,  and  the  solar  heat.  At  the 
conclusion  Svante  Arrhenius's  theory  of  the  constitution  of  the  sun 
is  given,  which  may  be  summarized  as  follows :  The  sun  is  a  gaseous 
mass,  strongly  compressed  and  in  constant  agitation.  The  tempera- 
ture of  its  outer  surface,  where  the  condensations  occur,  is  about 
6,000  to  7,000°  C,  but  this  increases  from  the  periphery  to  the 
centre  at  about  9°  per  kilometre,  so  that  the  centre  has  a  tempera- 
ture of  6  million  degrees.  Hence  the  bodies  which  exist  in  the  deep 
beds  are  compounds  which  have  absorbed  enormous  quantities  of 
heat  in  their  formation.  Arrhenius  writes :  "  These  quantities  com- 
pare with  those  which  analogous  combinations  absorb  on  our  globe 
approximately  as  the  temperature  of  the  sun  is  to  that  of  the  earth." 
When  these  compounds  are  forced  to  the  surface  by  the  internal 
movements  revealed  to  us  by  sun-spots  and  protuberances,  they 
decompose,  disengaging  the  heat  which  they  absorbed  during  forma- 
tion. "  They  may  be  considered."  says  Arrhenius,  "  as  explosives 
of  enormous  force,  in  comparison  to  which  dynamite  and  the  picrates 
are  mere  toys."  This  may  explain  the  inconceivable  speed  which 
the  protuberances  attain,  such  as  the  enormous  protuberance  observed 
by  Borelli  at  Guelma  during  the  total  eclipse  of  1905,  which  covered 
considerable  space  in  an  instant.  If  the  sun  were  merely  a  globe 
of  incandescent  carbon,  burning  in  the  same  way  as  the  combustibles 
which  feed  our  hearths,  its  reserves  of  heat  would  be  dissipated  in 
6,000  years.     But  the  energy  it  contains  due  to  these  endothermic 
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combinations  are  sufficient  to  supply  heat  for  four  thousand  millions 
of  years ;  and  if  we  add  to  that  the  help  of  the  meteorites,  the  effect 
of  the  progressive  condensation  under  the  influence  of  attraction, 
as  well  as  the  probable,  though  not  proven,  role  of  radio-active 
matter,  it  is  easy  to  conceive  that  the  sun  has  been  able  to  maintain 
the  heat  which  it  radiates  around  it  from  a  time  far  anterior  to  the 
most  distant  geological  epochs.  We  can  also  understand  that  its 
temperature  has  not  sensibly  decreased  during  the  ephemeral  dura- 
tion of  our  historical  period.  These  considerations  are  no  less 
reassuring  for  the  future.  The  hearth  upon  which  the  existence 
of  our  planet,  or  at  least  of  its  inhabitants,  depends  will  not  appreci- 
ably cool  for  thousands  of  millions  of  years,  perhaps  even  not  for 
thousands  of  millions  of  centuries.  Nevertheless,  if  remote,  we  can 
imagine  that  the  final  catastrophe  will  at  last  arrive.  A  time  will 
come  when  the  star  which  lights  us  will  only  emit  the  infra-red 
radiations,  but  the  human  race  will  have  disappeared  long  before 
that.  Then  the  solar  system,  having  become  invisible,  will  continue 
to  wander  in  space,  until  the  instant  when  meeting  an  analogous 
system  the  shock  of  the  two  extinct  stars  will  prepare  a  new  genesis. 

The  Calibre  of  Naval  Guns.  Anon.  {Rev.  Sci.,  xlix,  24, 
760.) — It  appears  that  in  all  navies  there  is  a  tendency  at  the  present 
time  to  increase  the  calibre  of  the  guns.  In  fact,  Great  Britain  has 
adopted  13.5  inches,  which  equals  343  mm. ;  the  United  States,  14 
inches,  or  355  mm.,  and  Japan,  the  same  calibre  for  its  new  guns. 
In  Germany,  it  is  said,  a  calibre  of  352  mm.  will  shortly  be  adopted. 
The  object,  naturally,  is  to  increase  the  destructive  power,  which  in- 
creases with  the  increase  of  the  explosive  charges  it  is  possible  to 
place  in  projectiles  of  a  larger  diameter.  It  must  also  be  considered 
that  heavier  projectiles  do  not  require  so  high  a  muzzle  velocity, 
and  yet  have  just  as  much  force  on  reaching  the  target.  The  de- 
crease in  velocity  lessens  the  erosion  of  the  bore  of  the  gun ;  and  this 
erosion  is  greatly  dreaded  just  at  present.  Vice- Admiral  Mason. 
of  the  United  States,  estimates  that  the  life  of  a  gun  does  not 
exceed  100  to  150  rounds  on  account  of  this  erosion.  At  the  same 
time  he  states  that  it  is  scarcely  necessary  to  increase  the  range  o' 
the  gini  more  than  9  kilometres  (about  5^  miles'),  because  at  that 
distance  nearly  all  of  the  armored  portion  is  below  the  horizon 
even  to  those  who  sight  the  gun  at  a  height  of  7.5  m.  (about  24^ 
feet)  above  the  sea-level.  At  a  range  of  13..=;  kilometres  (about  8 
miles),  which  is  sometimes  thought  desirable,  the  whole  hull  of 
the  ship  is  below  the  horizon,  and  all  that  can  be  seen  is  the  super- 
structure, at  which  it  is  very  difficult  to  aim. 

Preservation  of  Wood.  Hontsch  und  Co.  {Ger.  Patent  239,- 
697,  1 910.) — Acetone  oil  alone  may  be  used  instead  of  a  mixture 
of  acetone  oil  and  rosin  for  impregnating  wood,  especially  if  the 
wood  is  not  subsequently  to  be  exposed  to  the  direct  action  of  the 
sun. 


3J4  Current  Topics. 

General  Rules  for  Annealing  Rolled  and  Forged  Carbon  Steel. 

H.  M.  Howe  et  al.  (Eng.  News,  Ixvi,  i88.) — These  rules  were 
drawn  up  by  the  Committee  of  the  American  Society  for  Testing 
Materials  on  "  Heat  Treatment  of  Iron  and  Steel:  "  (i)  Purpose. — 
Annealing  removes  coarseness  of  grain  and  serious  internal  stresses 
due  to  rolling  or  working  the  metal.  (2)  Method  of  Heating. — 
The  temperature  should  be  held  long  enough  at  the  annealing  point 
to  insure  complete  heating.  (3)  Control  of  Temperature. — Use  of 
trustworthy  pyrometers.  (4)  Control  without  Pyrometer. — Strong 
lights  surrounding  the  furnace  should  be  avoided.  Allowance  must 
be  made  for  brighter  surroundings  by  day  than  by  night.  (5)  Mag- 
netic Indications. — With  steel  of  0.5  to  0.9  per  cent,  carbon,  the 
metal  suddenly  ceases  to  be  magnetic  at  the  annealing  temperature. 
(6)  Annealing  Temperature. — In  general,  the  higher  the  carbon, 
the  lower  the  annealing  temperature.  (7)  Annealing  Ranges  are 
Given. — Carbon  less  than  0.12  per  cent.,  875°  to  925°;  carbon  0.12 
to  0.29  per  cent.,  840°  to  870°  ;  carbon  0.30  to  0.49  per  cent.,  815° 
to  840° ;  carbon  0.50  to  i.oo  per  cent.,  790°  to  815°.  (8)  Care  in 
heating. — The  flames  should  never  touch  any  part  of  the  object 
heated.  (9)  Cooling. — The  higher  the  carbon,  the  slower  must  be 
the  cooling.  The  slower  the  cooling,  the  softer  and  more  ductile 
the  metal  will  be,  and  the  lower  its  tensile  strength,  elastic  limit,  and 
yield  point.  (12)  To  give  an  unusually  high  ductility  with  tensile 
strength  and  elastic  limit,  quench  in  water  or  oil.  Anneal  within  a 
few  hours  after  quenching,  maintaining  a  temperature  of  at  least 
100°  during  the  interval.  For  high  elastic  limit  and  tensile  strength 
anneal  at  500°  ;  for  intermediate  elastic  limit  and  tensile  strength, 
at  600°  ;  and  for  greatest  ductility  at  725°  to  750°. 

Movements  of  Solar  Prominences.  H.  Deslandres.  (Cornptes 
Rendus,  cliii,  221.) — There  appears  to  be  evidence  of  the  existence 
of  strong  ionization  and  a  magnetic  field  in  the  region  of  the  upper 
solar  atmosphere.  Most  of  the  high  prominences  are  found  to  con- 
tain the  gases  hydrogen,  helium,  and  also  calcium.  If  the  rotation 
and  deviation  of  the  prominence  matter  is  really  due  to  the  magnetic 
field  acting  on  the  ionized  particles  of  these  gases,  the  effect  shoukl 
vary  with  the  atomic  weight  of  the  substance.  Visual  observations 
and  photographic  records  of  prominence  changes  also  afford  evidence 
that  the  phenomena  may  be  the  result  of  magnetic  rotative  action. 
Systematic  registration  of  the  radial  motions  of  prominences  is  sug- 
gested as  an  important  research  which  would  give  valuable  data  for 
the  theoretical  discussion  in  detail  on  these  lines. 
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Ladies  and  Gentlemen  :  Shortly  after  I  sent  in  my  subject 
to  Dr.  Owens,  in  response  to  his  kind  invitation  to  me  to  speak 
here  this  evening,  I  chanced  to  discover  that  a  lecture  on  an  almost 
identical  topic  had  been  given  before  the  Franklin  Institute  by 
the  late,  Henry  Morton.  His  theme  was  "  Sunlight  and  Moon- 
light." This,  however,  was  some  forty  years  ago,  and  most  of 
what  I  shall  have  to  say  to-night  is  based  on  newer  work,  and 
will  not  greatly  infringe  on  this  earlier  paper. 

Daylight  is  simply  the  light  of  the  sun,  modified  by  its  pas- 
sage through  our  atmosphere,  and  further  modified  by  the  addi- 
tion of  light,  which,  having  reached  the  atmosphere,  is  reflected 
back  and  forth  and  reaches  us  in  the  form  of  skylight.  The  light 
from  the  sky  differs  from  direct  sunlight  because  of  the  selective 
reflection  to  which  it  has  been  subjected  at  the  surface  of  cloud 
masses  and  of  the  earth  itself  and  from  particles  of  dust  and 
moisture  in  the  air. 

The  effect  of  the  selective  absorption  of  the  atmosphere  is  very 
marked,  as  may  be  seen  from  the  curve  in  Fig.  i,  which  is  plotted 
from  data  given  by  Dr.  Abbot,  of  the  Astrophysical  Observatory 
of  the  Smithsonian  Institution.  The  values  were  obtained  by 
making  use  of  numerous  sets  of  observations  of  the  sun's  spec- 
trum taken  at  various  localities. 

At  .8/^,  or  just  beyond  the  red  end  of  the  visible  spectrum, 
about  eight  per  cent,  of  the  sun's  rays  are  cut  off  by  the  atmos- 

*  Presented  at  the  stated  meeting  held  December  20,   igri. 

[Note. — The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
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phere,  whereas  in  the  violet  at  least  half  the  light  is  absorbed,  and 
the  sharp  downward  trend  of  the  curve  would  seem  to  indicate 
complete  opacity  of  the  air  for  a  greater  portion  of  the  ultra- 
violet rays.  It  is  on  this  account  that  the  spectrum  of  sunlight 
ends  so  soon  after  the  boundary  of  the  visible  spectrum  is  passed, 
and  that  many  rays  which  appear  in  the  spectra  of  artificial  sources 
of  light  near  at  hand  are  absent  from  the  spectrum  of  the  sun. 

In  clear  weather,  daylight  is  nearly  all  direct  sunlight.  A 
white  surface  exposed  to  the  sun  and  to  the  whole  sky  receives 
about  eighty-five  per  cent,  of  the  light  which  illuminates  it  directly 
from  the  sun,  and  only  about  fifteen  per  cent,  from  the  other 
portions  of  the  dome  of  the  sky.    In  cloudless  weather,  therefore, 

FiG.'l. 


£0 

^^ 

r^'' 

-»•'' 

to 

^^ 

--^ 

/»' 

^^ 

dO 

/ 

^ 

/ 
/ 

20 

y 

.4ix         .5/i         .6^         .7fA         .8^ 
Selective  absorption  of  light  by  the  atmosphere. 


daylight  differs  but  little  from  sunlight,  for  even  marked  changes 
in  the  reflected  light  from  the  sky  would  produce  but  little  effect 
upon  the  blended  illumination  from  sun  and  sky. 

To  tell  what  sunlight  is  like,  outside  of  our  atmosphere,  is  not 
a  very  simple  matter,  but  by  going  to  greater  and  greater  heights 
above  the  sea,  and  making  observations  upon  its  constitution,  we 
can  estimate  its  original  character  as  it  reaches  the  upper  limits 
of  the  earth's  atmosphere.  By  such  methods  we  can  indeed  form 
a  very  good  idea  of  what  sunlight  would  be  like  if  we  could 
entirely  remove  this  blanket  or  sea  of  vapor  at  the  bottom  of 
which  we  live,  and  could  see  the  sun  as  it  really  is. 

Daylight,  as  we  get  it  after  its  passage  through  this  great 
atmospheric  filter,  is  of  very  great  importance  and  interest  to  us, 
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because  mankind  has  been  brought  up  in  it  and,  by  long  exposure 
to  this  particular  form  of  illumination,  has  become  thoroughly- 
adapted  to  it.  Daylight,  in  spite  of  the  increasing  use  of  artificial 
illumination,  is  still  the  normal  stimulus  of  the  human  eye.  The 
eye  is  most  sensitive  to  those  rays  which  in  the  spectrum  of  sun- 
light are  of  maximum  energy. 

How  exact  the  coincidence  is  may  be  seen  from  Fig.  2,  in 
which  L  is  the  ordinary  luminosity  curve  of  the  eye  and  £  is  a 
portion  of  the  curve  giving  the  distribution  of  energy  in  sunlight. 
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Coincidence  of  maximum  of  the  sensitiveness  of  the  eye  and  of  the  sun's  energy. 

Doubtless  this  is  not  a  mere  coincidence,  but  the  result  of  gradual 
adaptation  of  the  race  to  the  particular  stimulus  to  which  the 
human  eye  has  so  long  been  subjected. 

On  the  surface  of  a  planet  with  an  atmosphere  as  transparent 
to  the  violet  and  ultra-violet  as  to  the  longer  wave-lengths  of  the 
visible  spectrum  we  should  expect  to  find  beings  the  maximimi 
sensitiveness  of  whose  eyes  would  be  considerably  displaced  to- 
wards the  violet,  so  as  to  correspond  to  the  crest  of  the  curve  E^ 
in  Fig.  2,  which  is  the  energy  curv^e  of  sunlight  before  its  passage 
through  the  earth's  atmosphere. 


3i8  Edward  L.  Nichols. 

The  eye,  in  order  to  meet  all  the  demands  upon  it,  must  of 
necessity  have  an  extremely  wide  working  range.  It  has  to  serve 
not  only  at  noonday,  but  also  at  morning  and  at  evening,  and 
within  doors  and  at  night.  It  is  never  normally  exposed  to  any- 
thing of  greater  intensity  than  full  daylight,  and  we  find,  accord- 
ingly, that  its  range  of  sensitiveness  is  such  that  broad  daylight 
represents  the  upper  limit  of  what  we  can  endure  without  danger. 
We  feel  no  discomfort  out  of  doors  when  the  sun  is  at  its  highest, 
but,  under  a  very  slight  further  increase  of  intensity,  the  eye  does 
begin  to  suffer.  Upon  a  snow  field  in  the  summer  time,  for  ex- 
ample, in  mountain  climbing,  the  eye  is  overpowered,  and,  unless 
protected,  is  in  danger  of  serious  damage.  Proper  snow-goggles 
are  recognized  as  an  imperative  necessity,  even  by  those  who,  like 
the  mountain  guides,  are  most  inured  to  such  exposure. 

How  very  near  we  are  to  the  upper  limit  of  endurable  bright- 
ness appears  from  the  discomfort  suffered  from  the  glare  of  an 
unshaded  street  in  summer  time.  The  light  of  the  open  is  pleas- 
urable only  when  it  comes  chiefly  from  above  and  the  eye  is  re- 
lieved by  the  presence  of  large,  dark,  absorbent  areas  in  the  line 
of  sight.  This  has  been  ingeniously  demonstrated  in  a  recent  and 
skilful  study  of  the  distribution  of  luminosity  in  nature  by  Drs. 
Ives  and  Luckiesh.^  They  show,  by  many  actual  measurements 
made  in  town  and  country,  that  to  be  pleasing  a  landscape  must 
be  lighted  mostly  from  above  the  horizon  and  have  a  certain 
abundance  of  contrast. 

The  brightness  of  out-of-doors,  even  without  snow  underfoot, 
is  really  almost  incredibly  great  as  compared  with  what  we  use 
in  artificial  lighting.  The  illumination  of  a  surface,  exposed  to 
sunlight  and  skylight,  in  midsummer  has  been  found  to  reach 
100,000  hefner-meters  or  90,000  candle-meters  in  midsummer.^ 
In  the  suburbs  of  Berlin,  another  estimate,  by  Vogel,  was  78,000 
hefner-meters,  and  even  in  the  smoky  city  of  Chicago,  in  the 
month  of  June,  Dr.  Basquin  found  33,000  hefner-meters.  When 
we  consider  that  about  12  hefner-meters,  or  a  candle-foot,  is  suffi- 
cient illumination  for  easy  reading  of  ordinary  print,  we  realize 

^  Ives  and  Luckiesh :  Transactions  of  the  Illuminating  Engineering  So- 
ciety, p.  687  (1911). 

^  Occasional  isolated  values  run  even  higher,  and  Weber,  the  inventor 
of  the  Weber  photometer,  gives  as  the  highest  record  IS4,300  hefner-meters. 
(See  Pernter  and  Exner,  "  Meteorologische  Physik,"  p.  712.) 
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what  an  enormous  step  down  it  is  from  the  maximum  of  full 
daylight  to  the  minimum  which  we  find  necessary  for  our  uses. 
The  sensitiveness  of  the  eye,  however,  has  by  no  means  reached 
its  lowest  limit  here.  All  sense  of  light  is  not  lost  until  we  have 
descended  to  an  illumination  of  about  1/1,000,000  of  a  hefner- 
meter.  From  broad  daylight,  which  represents  the  upper  limit, 
to  the  almost  utter  darkness  in  w'hich  w'e  can  still  see  our  way 
about  we  have  a  range  of  usefulness  in  the  human  eye  for  which 
it  is  hard  to  find  a  parallel. 

It  is  not  in  the  matter  of  intensity  only  that  the  eye  exposed 
to  ordinary  daylight  is  near  the  danger  line.  Such  light  contains 
very  nearly  the  maximum  amount  of  ultra-violet  rays  that  can  be 
borne  with  impunity. 

Sunlight  of  the  sort  which  exists  above  the  earth's  atmosphere, 
even  if  the  total  energy  of  radiation  were  not  increased,  would 
probably  soon  destroy  the  eyesight  of  an  inhabitant  of  the  earth's 
surface.  Even  in  climbing  the  higher  snow  mountains  (4,500 
to  5,500  meters)  where  the  barometric  pressure  falls  to  about  half 
an  atmosphere  it  is  necessary  to  protect  the  eyes,  bv  means  of 
colored  spectacles,  quite  as  much  against  the  excessive  amount  of 
ultra-violet  radiation  as  on  account  of  the  glare.  The  extra- 
ordinary blue-violet  sky  at  such  altitudes,  described  by  Tyndall 
and  other  observant  mountaineers,  and  familiar  to  all  climbers, 
is  indicative  of  the  change  in  composition  of  daylight  due  to  the 
greatly  reduced  thickness  of  the  atmospheric  light  filter. 

The  other  end  of  spectrum,  where  the  energy  is  thousands  of 
times  as  great  as  in  the  ultra-violet,  has  no  such  effect.  One  may 
sit  by  the  firelight  until  he  burns  the  skin  without  hurting  his 
eyes,  but  a  mere  glance  at  the  mercury  arc  in  a  quartz  tube  or  at 
certain  flaming  arcs  w'ithout  the  protection  of  an  interv^ening 
screen  of  glass  may  endanger  the  eyesight. 

Daylight,  of  course,  varies  in  brightness  with  the  height  of 
the  sun  above  the  horizon,  and,  in  the  temperate  zones,  the  annual 
range  is  much  greater  than  most  people,  excepting,  perhaps,  the 
photographers,  are  apt  to  suppose.  Fig.  3  contains  a  curve  from 
observations  taken  in  Germany  ^  by  L.  Weber. 

The  curve  is  irregular  on  account  of  the  occurrence  of  a  long 
period  of  dark  w^eather  in  June.     If  measurements  were  made  in 

'  For  these  and  further  European  data  see  Pernter  and  Exner :  /.  c. 
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some  cloudless  region,  such  as  Arizona  or  the  Desert  of  Sahara, 
the  curve  would  probably  be  quite  symmetrical  with  the  maximum 
at  midsummer. 

Observations  made  by  Basquin  •*  in  Chicago  entirely  confirm 
Weber's  values,  and  he  also  finds  that  the  average  brightness  of 
da)dight  in  midwinter  is  only  one-tenth  ^  of  that  in  June,  and  that 
the  ratio  between  winter  and  summer  in  this  respect  is  nearly 
the  same  in  the  United  States  as  in  Europe. 

One  might  naturally  expect  that  the  daily  range  of  the  inten- 
sity of  daylight  would  be  expressed  by  a  somewhat  similar  cun^e 
having  a  maximum  precisely  at  noon,  but  this  is  not  strictly  the 
case,  as  will  be  seen  from  Fig.  4,  which  contains  a  set  of  curves 
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taken  by  the  author  on  a  cloudless  day  in  Switzerland.  In  all 
of  these  curves,  which  show  the  variation  in  the  brightness  of 
four  regions  of  the  spectrum  from  dawn  until  dusk,  there  is  pro- 
nounced dissymmetry;  the  light  in  the  afternoon  being  brighter 
than  that  at  the  corresponding  time  before  noon.  The  ordinate 
for  4  P.M.  of  the  curve  marked  "  Green  .^2P\^  "  corresponds,  for 
example,  to  that  for  9.30  a.m.;  that  is  to  say,  four  hours  after 
the  sun  had  passed  the  meridian  the  amount  of  daylight  was  as 
great  as  at  two  and  a  half  hours  before  noon.     Similarly,  the 


*  Basquin  :  /.  c. 

"The  range  between  the  very  brightest  daj'  in  summer  and  the  darkest 
in  December  is  vastly  greater ;  the  ratio,  according  to  Weber,  being  nearly 
300:  I. 
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brightness  for  6  p.m.  was  equal  to  that  at  7  a.m.  This  excess 
of  brightness  in  the  later  portions  of  the  day  is  common  to  all 
portions  of  the  spectrum.  Observations  by  Basquin,  in  which 
the  light  was  measured  without  dispersion,  exhibit  the  same  char- 
acteristics. 

In  unsettled  weather  the  changes  in  the  course  of  a  day  may 
naturally  be  much  more  erratic.  Even  when  there  is  no  very 
obvious  variation  in  the  appearance  of  the  sky,  the  various  por- 
tions of  the  visible  spectrum  may  undergo  very  different  sorts  of 

Fig.  4. 
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Daily  range  in  the  brightness  of  daylight. 

variation,  as  may  be  seen  from  the  curves  in  Fig.  5,  which  are 
from  observation  made  during  an  April  day  at  Palermo,  Italy. 

In  this  case  the  range  was  nearly  normal  for  the  red,  but  the 
preponderance  of  green  and  blue  in  the  early  afternoon  was 
very  marked,  and  the  maximum  was  not  reached  until  about 
2  P.M.  The  violet  decreased  steadily  in  amount  throughout  the 
day.  To  what  this  lack  of  symmetry^  in  the  curves  for  the  daily 
range  in  daylight  is  due  will  be  considered  in  a  later  paragraph 
of  this  paper. 

A  point  about  which  there  is  apt  to  be  misconception  on  the 
Vol.  CLXXIII,  No.  1036—24 
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part  of  those  who  have  not  paid  particular  attention  to  the  subject 
concerns  the  relative  brightness  of  clouded  and  unclouded  skies. 
We  think  of  the  unclouded  sky  as  bright,  but,  in  point  of  fact,  it 
is  just  about  as  bright  as  a  densely  clouded  sky,  and  all  the  inter- 
vening stages  of  cloudiness  are  brighter  than  either.  I  had  an 
opportunity,  a  few  years  ago,  of  measuring  the  brightness  of  the 
sky  in  the  zenith  on  an  afternoon  during  which,  in  the  course  of  a 
few  minutes,  as  sometimes  happens  in  mountainous  regions,  the 
sky  passed  from  an  unclouded  condition  to  that  of  being  densely 
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overcast.  The  observations  were  made  in  a  high  valley  in  the 
Tyrol,  where,  as  frequently  happens  in  summer,  showers  come 
up  with  great  suddenness.  The  results  of  my  measurements, 
which  are  given  in  Fig.  6,  cover  a  time  interval  of  only  ten 
minutes,  from  5.30  to  5.40  p.m.  The  sky  at  5.30  was  cloudless, 
but  it  began  very  rapidly  to  thicken  up  with  mist.  Two  minutes 
later  the  brightness  had  materially  increased,  as  shown  in  the 
curve.  It  then  remained  almost  stationary  for  two  minutes,  after 
which  it  became  rapidly  brighter  and  brighter  as  shreds  of  sunlit 
clouds  appeared  and  gathered  into  shining  masses  of  cumulus. 
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Then  quite  suddenly  after  eight  minutes  of  observations  the  clouds 
closed  in,  the  sun  disappeared,  and  it  began  to  rain.  Just  before 
I  was  driven  from  my  post  by  the  downpour,  namely,  at  5.40, 
the  brightness  of  the  sky  in  the  zenith  was  almost  exactly  what 
it  had  been  ten  minutes  before,  when  no  cloud  in  that  portion  of 
the  sky  was  visible. 

Daylight  under  the  conditions  of  overcast  sky  consists  of  all 
skylight  and  no  direct  sunlight,  whereas  with  unclouded  sky,  as 
has  already  been  pointed  out,  85  per  cent,  comes  directly  from 
the  sun  and  only  15  per  cent,  from  the  sky.     The  intensity  of 

Fig.  6. 
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daylight  under  these  conditions,  although  the  sky  in  the  two 
cases  is  equally  bright,  would  obviously  be  quite  different. 

Of  the  various  theories  concerning  what  we  call  the  color  of 
the  sky,  an  interesting  one  is  that  of  Spring,*^  the  Belgian  physicist, 
who  pointed  out  that  both  oxygen  and  ozone  in  the  liquid  form 
are  blue  when  viewed  by  transmitted  light ;  also,  that  water  when 
pure  is  blue,  although  not  to  the  same  extent.  He  regarded  the 
blue  color  of  these  components  of  the  atmosphere  as  the  main 
cause  of  the  color  of  the  sky,  since  those  rays  which  reach  the 
eye  after  reflection,  and  perhaps  after  multiple  reflections  within 
the  atmosphere,  will  have  passed  over  a  longer  path  in  this  absorb- 


•  Spring :  Bulletin  de  I'Academie  de  Bruxelles,  i{ 
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ing  medium  than  the  direct  rays  from  the  sun.  Whatever  effect 
this  color  of  the  atmosphere  itself  may  have,  it  is  certain  that  the 
sky  would  have  a  blue  color  aside  from  any  effect  of  selective 
absorption  in  passing  through  it.^  The  atmosphere  is  a  turbid 
medium,  and  selective  reflection  from  minute  particles  suspended 
in  it,  in  accordance  with  Rayleigh's  formula,  would  produce  what 
may  be  called  the  ideal  sky.  These  actual  skies  sometimes 
approach,  but  they  never  quite  correspond  to,  it.  In  general  we 
may  say  that  the  effect  of  reflection  by  the  particles  of  the  atmos- 
phere is  to  give  us  light,  which  is  distinctly  bluer  than  that  trans- 
mitted directly  from  the  sun,  but  which  is  rarely  or  ever  as  blue 
as  the  ideal  sky.  Daylight,  being  a  mixture  of  this  bluer  light 
from  the  sky  with  direct  sunlight  in  varying  proportions,  will 
therefore  be  intermediate  in  quality. 

In  the  study  of  daylight  or  of  the  light  from  the  sky  the  only 
really  definite  and  satisfactory  method  is  that  of  the  spectro- 
photometer, by  means  of  which  instrument  it  is  possible  to  meas- 
ure as  many  of  the  separate  wave-lengths  of  the  visible  spectrum 
of  which  the  light  to  be  studied  is  composed  as  one  may  desire. 
The  measurements  consist  in  the  comparison,  wave-length  by 
wave-length,  of  the  spectrum  of  the  light  to  be  described  with 
the  corresponding  wave-lengths  of  the  spectrum  of  some  source 
of  known  composition.  For  this  purpose  sunlight  itself  will 
hardly  do  for  a  standard,  because  the  rays  from  the  sun  at  differ- 
ent times  of  day  and  in  different  atmospheric  conditions  vary 
very  greatly  both  in  intensity  and  in  composition.  It  is  better, 
therefore,  to  make  comparisons  with  some  standard  source  of 
artificial  light,  and  the  best  available  source  is  the  acetylene  flame, 
the  composition  of  which  is  very  nearly  uniform,  while  it 
possesses  the  valuable  property  of  relatively  great  strength  in  the 
blue  and  violet  as  compared  with  incandescent  lamps  or  with  the 
flames  of  ordinary  illuminating  gas  or  petroleum. 

With  a  special  form  of  spectrophotometer,  one  collimator 
of  which  points  toward  the  zenith  or  towards  some  other  selected 
region  of  the  sky,  while  the  other  collimator  is  illuminated  by 
means  of  an  acetylene  lamp  properly  regulated  and  adjusted,  it 
is  possible  to  study  the  composition  of  the  light  from  the  sky  very 


'For  an  excellent  and  judicions  discussion  of  the  various  theories  of  the 
color  of  the  sky  see  Chr.  Jensen,  "  Das  Weltall,"  p.  37.  1904-1905- 
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conveniently  and  rapidly.  If  with  such  an  instrument  we  begin 
at  dawn  and  work  at  intervals  through  the  day,  we  find  certain 
progressive  changes  occurring  in  addition  to  the  increase  and 
decrease  in  total  brightness.  These  changes,  which  depend  upon 
the  weather,  are  not  the  same  every  day,  but  on  bright  mornings, 
before  sunrise,  the  type  of  curve  which  one  gets,  and  which  I 
have  called  the  typical  dawn  curve,  is  almost  always  the  same, 
and  this  curve  comes  closer  to  that  which  would  be  obtained  from 
observ^ations  of  the  ideal  sky  of  Rayleigh  than  anything  which 
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one  gets  later  in  the  day.  The  form  of  these  typical  dawn  curv^es 
and  of  the  corresponding  curve  after  sunset  may  be  seen  in  Fig.  7 
(curv'e  d) ,  in  which  ordinates  are  the  ratio  of  the  brightness  of 
the  spectrum  of  the  sky  to  that  of  the  acetylene  flame  used  for 
comparison,  and  abscissae  are  wave-lengths.  Curves  taken  on  any 
clear  morning  or  evening  when  the  sun  is  below  the  horizon  will 
be  found  to  approximate  very  closely  to  this  example. 

After  sunrise  there  is  a  rapid  increase  in  the  brightness  of  all 
portions  of  the  spectrum  of  sk}dight,  but  the  brightness  of  differ- 
ent wave-lengths  does  not  increase  at  the  same  rate.     In  other 
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words,  it  is  not  a  mere  brightening  of  the  sky  we  observe,  but  a 
change  in  its  color  as  the  day  progresses.  How  great  this  change 
is  can  be  seen  from  curve  n  as  compared  with  the  typical  dawn 
curve  d.  Curve  n  was  taken  in  the  middle  of  the  morning  of  the 
same  day.  The  scales  chosen  are  such  as  to  make  the  two  curves 
cross  each  other  in  the  red.  It  will  be  seen,  however,  that  this  equal- 
ity does  not  persist  throughout  the  spectrum,  but  that  the  relative 
brightness  in  the  yellow  and  green  is  greater  and  in  the  blue  and 
violet  less  than  before  sunrise.     On  exceptional  days  the  red  and 


Fig.  8. 


40 


20 


A 

i] 

{ 

1 

1 

\ 
\ 

1 

\ 

\ 

V 

\ 

\ 

s 

\ 

\ 

s 

y_ 

^^t 


•5f^ 


.6^ 


•7^ 


blue  may  remain  of  the  same  relative  brightness,  as  shown  in 
curve  b,  the  middle  of  the  spectrum  showing  greater  increase; 
but  in  general,  when  the  sun  is  well  above  the  horizon,  the  sky 
is  less  blue  than  in  the  morning,  and  its  light  approaches  more 
closely  to  that  of  direct  sunlight. 

This  modification  in  the  light  of  the  sky  is  probably  due  in 
great  part  to  a  gradual  gathering  of  particles  of  moisture,  and 
the  changes  in  the  curves  as  the  day  progresses  will  often  enable 
one  to  predict  what  kind  of  an  afternoon  is  to  be  expected,  espe- 
cially whether  there  will  be  a  gathering  of  cumulus  and  perhaps 
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showers  in  the  afternoon.  I  found  in  the  mountain  valleys  of 
Switzerland,  where  many  measurements  were  made,  a  very  pecu- 
liar development  in  the  violet  of  the  spectrum  of  the  sky  occur- 
ring gradually  during  the  later  morning  and  lasting  late  into  after- 
noon which  seemed  to  be  an  almost  certain  forerunner  of  the 
gathering  of  cumulus  clouds.  On  such  occasions,  beginning  about 
9  o'clock  in  the  morning,  an  emission  band  appears  with  its  maxi- 
mum in  the  blue,  which  increases  steadily  in  intensity  until  after 
mid-day  and  then  gradually  disappears  as  evening  approaches. 
Unless  the  sky  becomes  overcast  it  is  possible  to  follow  the  acces- 
sion and  diminution  of  this  phenomenon  and  its  final  disappear- 
ance at  sunset.  A  characteristic  curve  for  this  type  of  sky  is 
given  in  Fig.  8. 

Professor  Very  ^  has  discussed  these  measurements  which  I 
first  described  in  two  papers  before  the  American  Physical  So- 
ciety,^ to  which  the  reader  is  referred  for  further  details,  and  has 
offered  a  very  suggestive  explanation.     He  says : 

"  I  suggest  that  the  growth  of  this  band  is  possibly  con- 
nected with  the  formation  of  the  complex  water  molecules  de- 
scribed in  my  'Atmospheric  Radiation'  (p.  100),  to  which 
Sutherland  has  given  the  name  hydrols.  Increasing  ionization 
of  the  upper  air  by  the  sun's  ultra-violet  rays  lead  to  the  forma- 
tion of  nuclei  of  condensation,  and  this,  combined  with  the  mid- 
day upward  movement  of  aqueous  vapor  at  considerable  alti- 
tudes, conduces  to  the  formation  of  an  exceptional  amount  of 
peculiar  diffracting  particles  in  the  upper  air  during  the  middle 
of  the  day." 

On  misty  days,  or  when  the  collimator  of  the  spectrophotom- 
eter is  directed  towards  masses  of  cumulus  cloud  illuminated  by 
the  sun,  the  intensity  of  the  green,  yellow,  and  red  rays  of  the 
spectrum  is  further  greatly  increased.  As  may  be  seen  in  Fig.  9, 
which  contains  a  group  of  curves  showing  the  character  of  the 
light  of  the  sky  during  a  time  of  light  mist  or  fog  (curve  A), 
the  light  from  cumulus  clouds  (curve  C),  and,  for  purposes  of 
comparison,  the  light  of  an  overcast  sky  (curve  O),  it  will  be 
seen  that  these  three  curves  differ  chiefly  in  that  the  two  first, 
A  and  C,  show  the  maximum  in  the  blue  already  described, 
whereas  the  same  is  nearly  or  quite  absent  in  curve  C.     Curve  C 

•F.  W.  Very:  Astro  physical  Journal,  xxxiv,  p.  372,   191 1. 
•Nichols:  Physical  Review,  xxvi,  p.  498,  and  xxviii,  p.  123. 
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rises  to  higher  ordinates  towards  the  red  end  of  the  spectrum, 
indicating  that  sunHt  cumulus  is  less  blue  than  fog  or  overcast  sky. 
A  comparison  of  curves  made  during  the  day,  when  the  sun 
shines  on  the  surface  of  the  earth  and  is  reflected  back,  shows 
that  the  earth  has  also  had  a  modifying  influence.  Measurements 
taken  at  sea  are  entirely  different  from  those  made  on  shore, 
especially  in  the  summer  time,  when  the  surrounding  country  is 
clothed  with  green  foliage.  In  the  latter  case  we  have  actually 
reflected  back  from  the  green  leaves  a  weak  but  unmistakable 
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absorption  spectrum  containing  the  bands  of  chlorophyl.  In 
Fig.  10  a  curve  is  presented  which  may  suffice  to  illustrate  this 
effect.  In  it  the  ratio  between  the  intensities  of  a  daylight  spec- 
trum at  8.25  A.M.  to  that  of  the  corresponding  wave-lengths  in 
the  typical  dawn  curve  is  plotted.  The  positions  of  the  maximum 
and  the  minimum  intensities  are  such  as  to  indicate  that  the  selec- 
tivity is  partly  due,  as  has  already  been  hinted,  to  the  absorption 
of  light  by  green  leaves.  Measurements  made  at  sea  or  over  a 
sufficiently  large  snow  field  in  winter  do  not  show  these  peculi- 
arities. 
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A  sufficient  number  of  examples  of  the  spectrum  of  daylight 
under  various  conditions  has  been  given  to  indicate  the  very 
considerable  range  of  brightness  and  composition  according  to 
the  locality,  the  time  of  year,  the  time  of  day,  and  the  condition 
of  the  sky  which  one  meets  with  in  the  study  of  this  subject. 
These  fluctuations  are  much  greater  than  the  fluctuations  of  any 
given  type  of  artificial  light.  Our  sources  of  artificial  illumina- 
tion, from  the  candle  to  the  tungsten  lamp,  represent  a  compara- 
tively small  range  of  temperature,  and  these  temperatures  are 
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SO  much  lower  than  that  of  the  sun  that  the  distribution  of 
intensities  in  all  such  sources  is  necessarily  of  an  entirely  different 
character  from  that  of  the  spectrum  of  daylight.  In  the  former 
case  we  have  to  do  with  continuous  spectra  emanating  from 
glowing  carbon  or  from  incandescent  metals,  such  as 
tantalum  or  tungsten  heated  to  temperatures  lying,  approxi- 
mately, between  1500°  C.  and  2200°  C.  Even  the  carbon  arc- 
light,  in  spite  of  the  high  temperature  of  the  crater  (3600°  C), 
can  hardly  be  assigned  a  temperature  above  2500°  for  the  aver- 
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age  of  its  radiation.  As  to  the  sun,  whose  temperature  was  in 
earHer  days  variously  estimated  by  indirect  and  inadequate 
methods  as  between  5(X)0°  and  100,000°,  the  development  of  our 
knowledge  of  the  laws  of  radiation  and  the  perfecting  of  the  art 
of  optical  pyrometry  afford  the  means  of  making  fairly  accurate 
determinations. 

The  problem,  stated  in  its  simplest  terms,  consists  in  reducing 
the  visible  radiation  from  the  sun,  which  is  enormous  when 
compared  with  that  of  a  black  body  of  measurable  temperature 
with  which  it  must  be  compared,  to  something  like  the  same 
brightness.  For  this  purpose  the  sun's  light  must  be  diminished 
to  about  .00002  of  its  original  value,  for  which  purpose  none  of 
the  ordinary  methods  employed  in  photometry  suffice.  This  has 
recently  been  accomplished  by  Professor  Kurlbaum,^^  of  Char- 
lottenburg,  Germany,  in  the  following  ingenious  manner.  In- 
stead of  attempting  to  measure  the  brightness  of  the  sun  itself,  he 
observes  a  diffusely  reflecting  surface  obtained  by  depositing  mag- 
nesium oxide  upon  metal,  this  surface  being  exposed  to  sunlight. 
The  illumination  of  such  a  surface  will  be  directly  proportional 
to  the  brightness  of  the  sun  multiplied  by  the  ratio  of  the  square 
of  the  sun's  radius  to  the  square  of  the  distance  of  the  earth  from 
the  sun.  This  ratio  happens  to  give  just  the  proper  reduction 
demanded.  The  reflecting  power  of  the  magnesium  oxide  being 
known,  its  brightness  compared  to  that  of  the  sun  which  illu- 
minates it  can  be  computed  from  the  quantities  mentioned  above ; 
and  by  the  comparison  of  the  brightness  of  this  sunlit  surface  with 
that  of  an  artificially-heated  black  body  of  measurable  temperature 
the  temperature  of  the  sun  may  thus  be  computed  with  an  accuracy 
which  depends  only  upon  our  knowledge  of  certain  distances  and 
constants  and  of  the  laws  of  radiation.  Kurlbaum  estimates  by 
this  method  that  the  temperature  of  the  sun  lies  between  6002° 
and  6023°,  an  uncertainty  which  arises  chiefly  from  the  inaccu- 
racy of  our  scales  of  measuring  temperature.  Now,  between 
2000°  and  6000°  radiation  differs  so  greatly,  both  in  intrinsic 
brightness  and  in  composition,  that  sunlight  or  daylight  is  in  an 
entirely  different  class  from  ordinary  artificial  illuminants;  and, 
since  we  cannot,  at  present,  produce  incandescence  approaching 
that  at  6000°,  we  are  unable  to  imitate  sunlight,  except  in  two 

"Kurlbaum:   Berichte  der  Preussischen  Akademie  der   Wissenschaften, 
p.  541   (1911). 
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ways.  Certain  bright  line  spectra  of  glowing  vapors,  the  com- 
position of  whose  light  is  really  altogether  different  from  the 
continuous  spectrum  of  the  sun,  may  have  the  power  of  stimulat- 
ing the  three  primary  sensations  of  red,  green,  and  violet  in  nearly 
the  same  proportions;  and  thus,  as  in  the  case  of  CO 2  in  vacuum 
tubes  under  certain  conditions,  may  be  made  to  simulate  sunlight 
in  some  respects.  All  known  solids,  at  temperatures  of  incandes- 
cence attainable  in  practice,  are,  however,  relatively  much  stronger 
in  red  and  weaker  in  the  violet  than  daylight. 

Candles,  oil  and  gas  flames ;  the  Nernst  filament  and  mantle 
burner;  glow-lamps,  whether  with  filaments  of  carbon,  tantalum 
or  tungsten,  are  all  intermediate  as  regards  the  distribution  of 
intensities  in  their  visible  spectra  between  the  Hefner  standard 
lamp  and  the  acetylene  fiame. 

How^  small  a  range  of  variation  they  cover  as  regards  quality 
of  light,  and  how  different  they  are  from  daylight,  may  be  seen 
from  Fig.  11,  in  which  the  spectrophotometric  curv^es  for  the 
Hefner  lamp  and  the  acetylene  flame  are  drawn. ^^  In  this  dia- 
gram, ordinates  are  values  for  each  wave-length  of  the  ratios 
Hefner/daylight  or  acetylene/daylight. 

The  brightness  of  the  spectra  is  so  chosen  for  ease  of  compari- 
son that  these  ratios  are  unity  in  the  yellow  region  (0.590^14). 
The  standard  for  daylight  used  in  this  comparison  is  from  the 
average  of  numerous  measurements  taken  in  all  sorts  of  weather, 
during  what  I  have  since  learned  from  European  meteorologists 
was  an  abnormally  dull  or  gray  season.  Had  the  obserA^ations 
been  confined  to  the  sort  of  day  which  one  would  naturally  select 
on  which  to  sample  daylight,  the  contrast  with  these  artificial 
sources  would  have  been  much  more  striking. 

Now,  while  we  cannot  increase  the  degree  of  incandescence 
of  these  sources  of  low  temperature  so  as  to  make  them  approach 
appreciably  nearer  to  sunlight,  it  is  possible  to  change  the  quality 
of  their  light  by  the  use  of  properly  selected  color  screens,  and 
this  is  the  second  of  the  two  possible  methods  to  which  reference 
is  made  above. 

When  we  tr\^  the  experiment  by  placing  over  half  of  the 
field  of  the  lantern  a  blue  screen  which  gives  a  fair  match  as 

"Nichols:  "Daylight  and  Artificial  Light,"  Transactions  of  the  Illu- 
minating Engineering  Society,  1908   (May). 
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to  color  with  daylight,  and,  by  means  of  a  carefully-chosen  amber 
screen,  reduce  the  other  half  to  the  color  of  candle-light,  we  get, 
as  you  see,  by  direct  appeal  to  the  senses,  a  telling  realization  of 
the  significance  of  these  curves  in  Fig.  ii,  and  we  have  brought 
home  to  us  the  very  great  difference  between  the  light  of  the 
heavens  and  that  by  which  the  greater  part  of  our  indoor  work 
is  done. 

Fortunately  the  preponderance  of  the  longer  wave-lengths 
in  artificial  light  is  one  which  is  restful  rather  than  harmful 
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to  the  eye  (which  bears  excess  of-  violet  and  ultra-violet  so 
ill),  and  it  is  doubtless  more  healthful  to  work  under  a  ruddy 
illumination  of  fifty  candle-meters  than  to  strain  the  eyes  with 
the  two  or  three  candle-meters  of  cold  daylight,  which,  according 
to  recent  measurements,^^  is  all  that  reach  the  pages  of  readers 
in  the  rooms  of  many  public  libraries. 

"  "  Nature,"  88,  p.  600,  an  abstract  of  L.  Weber's  recent  Study  of  Daj'- 
light  in  Schriften  des  Naturwissenschaftlichen  Vereins  fur  Schleswig-Hol- 
stein,  XV,  i. 


SOME  EXPERIMENTS  IN   "  WIRED-WIRELESS  " 
TELEGRAPHY  FOR  FIELD  LINES  OF  INFOR- 
MATION FOR  MILITARY  PURPOSES.* 

BY 

GEORGE  O.  SQUIER,  Ph.D., 

Major,  Signal  Corps,  U.  S.  A. 

The  Signal  Corps  of  the  army  at  present  uses  for  the  service 
of  the  mobile  forces  radio-communication  for  cavalry  operations, 
and  insulated  field  wire  laid  on  the  ground  and  operated  by 
"  buzzers  "  for  infantry  and  mixed  commands.  Pure  radio-com- 
munication is  ideal  for  rapidly  moving  troops,  but  has  the  in- 
herent defect  that  interference  is  always  possible,  and  that  infor- 
mation may  under  certain  conditions  be  received  by  the  enemy. 
Radio  methods  and  field  wire  methods  have,  however,  taken 
their  places  as  permanent  means  of  electrical  intercommunication 
in  war.  At  present,  the  apparatus  and  the  operation  of  these 
two  methods  are  distinct  and  separate.  The  subject  of  this 
paper  pertains  to  some  preliminary  experiments  involving  a 
useful  combination  of  these  two  methods  for  field  ser^nce. 

It  should  be  distinctly  understood  that  it  is  not  proposed  to 
do  away  with  either  pure  radio-communication  for  field  service, 
or  the  ordinary  "  buzzer  "  operation  of  wnres,  which  latter  has 
for  so  many  years  shown  its  great  reliability  in  the  field.  It  is 
rather  proposed  to  supplement  these  methods  by  a  combination 
of  the  two,  which,  under  certain  conditions  of  field  service,  it  is 
believed  will  offer  cardinal  advantages. 

At  the  headquarters  of  a  division  or  field  army  there  will 
always  be  under  the  Chief  Signal  Officer  a  wireless  equipment 
and  also  several  wire  lines  radiating  out  from  headquarters  to 
the  units  of  the  command.  So  far  as  these  headquarters  are 
concerned,  therefore,  we  have  at  present  the  full  equipment  re- 
quired for  operating  "  wired-wireless  "  telegraphy  for  military 
purposes. 

APPLICATION   OF  PORTABLE  QUENCHED  SPARK   SET  TO   STANDARD 
SIGNAL  CORPS  FIELD  WIRE. 

The  standard  Signal  Corps  field  wire  at  present  furnished 
consists  of  II  strands  of  steel  and  one  strand  of  copper,  with 

*  See  "  Electrical  Methods  of  Intercommunication  for  Military  Purposes," 
by  George  O.  Squier,  Ph.D.,  Jotjrnal  Franklin  Institute,  172,  545. 
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a  weight  of  about  70  pounds  per  mile  and  a  resistance  of  about 
1 1  ohms  per  mile.  It  is  well  known  that  electric  waves  are  not 
transmitted  as  efficiently  over  iron  wires  as  they  are  over  copper 
wires.  The  greater  the  conductivity  of  the  wire  conductor,  the 
less  the  line  losses  and  hence  the  less  the  attenuation  of  the 
electric  waves  guided  thereby.  In  addition,  it  is  well  known  that 
in  all  experiments  with  high-frequency  electric  waves,  where 
tuning  to  resonance  is  used,  it  is  desirable  that  no  iron  should  be 
employed.  The  results  given  below  for  field  wire  are,  therefore, 
inferior  to  what  would  be  obtained  with  copper  conductors. 

The  latest  apparatus  of  the  Signal  Corps  for  wireless  sets 
employs  a  500-cycle  generator  developed  for  use  on  aeroplanes 
and  "  pack  "  sets,  with  a  specially  designed  transformer  and  a 
quenched  spark  gap  as  distinguishing  features.  In  the  first  ex- 
periments, the  500-cycle  generator  was  driven  by  a  direct-con- 
nected motor  which  was  operated  from  power  taken  from  a 
socket  connection  to  a  iio-volt  electric  lighting  circuit.  The 
generator  delivers  power  at  no  volts  with  an  output  of  about 
125  watts.  The  spark  gap  was  of  the  regular  Signal  Corps  type, 
consisting  of  built-up  discs  of  copper,  separated  by  layers  of 
mica  ring  insulation,  and  was  practically  noiseless  in  operation. 

The  coupling  employed  was  inductive  in  type  and  variable 
within  wide  limits,  permitting  the  voltage  and  the  current  im- 
pressed upon  the  line  to  be  controlled  at  will.  Convenient  tun- 
ing elements  were  available  for  insertion  in  the  line  at  the  trans- 
mitting end.  With  this  arrangement  the  general  efficiency  of 
transmission  of  electric  waves  along  the  ordinary  type  of  field 
wire  described  above  was  observed,  the  actual  wave-length  being 
about  400  meters  as  measured  by  a  wave  meter.  The  line  wire 
was  laid  out  in  the  ordinary  manner  upon  the  ground,  and  ex- 
tended from  the  Signal  Corps  laboratory  at  the  Bureau  of  Stand- 
ards to  improvised  stations  in  the  field  at  the  end  thereof.  At  the 
receiving  end  the  regular  wireless  detector  and  high-resistance 
head-telephones  were  used. 

ELECTRIC    WAVE    TRANSMISSION    OVER    OPEN    CIRCUIT    LINE. 

Simple  experiments  showed  that  with  a  transmitting  current 
of  a  few  milliamperes  loud  signals  were  easily  heard  at  the  re- 
ceiving end,  using  the  "  perikon  "  detector  supplied  in  the  field 
pack  sets,  without  the  necessity  of  any  tuning  either  at  the  trans- 
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mitting  or  receiving  end.  When,  however,  an  ''  audion  ''  detector 
was  substituted  for  a  perikon  it  was  noted  that  signals  were 
heard  when  the  receiving  end  of  the  wire  was  connected  to  one 
of  the  terminals  of  the  audion,  the  other  being  entirely  free, 
whereas,  if  the  terminals  were  reversed,  nothing  was  heard.  The 
audion  is  a  detector  of  the  vacuum  type  in  which  an  ionized  path 
is  provided  between  two  insulated  terminals  inside  the  vacuum 
tube.  Such  a  path  is  known  to  possess  strong  unilateral  conduc- 
tion for  electric  waves,  and  it  was  observed  that  when  the  free 
end  of  the  wire  was  connected  to  the  so-called  "  grid  "  terminal 
signals  were  heard,  whereas  they  were  entirely  suppressed  when 
the  other  terminal  was  used.  This  phenomenon  had  been  pre- 
viously noted  in  the  Signal  Corps  laboratory  in  19 10,  in  con- 
nection wnth  experiments  on  multiplex  telephony  and  telegraphy 
by  means  of  electric  waves  guided  by  wires.  The  reason  for 
this  seems  to  be  that  when  electric  waves  are  guided  along  a 
wire  to  its  free  end,  they  are  there  reflected,  the  end  of  the  wire 
becoming  a  node  of  current  and  loop  of  potential.  In  the  theo- 
retical case,  when  an  electro-magnetic  wave  is  reflected  at  the 
open  end  of  a  wire,  the  magnetic  component  is  suppressed  at 
the  moment  of  reflection,  and  the  electric  component  is  doubled 
in  intensity. 

Since  the  audion  is  a  type  of  detector  which  operates  pri- 
marily on  changes  of  potential  rather  than  of  current,  the  ter- 
minal connected  to  the  end  of  the  wire  is  subjected  to  changes 
of  j)Otential  conforming  to  the  signals  transmitted  along  it,  and 
these  variations  make  themselves  manifest  in  changes  in  potential 
along  the  ionic  path  which  produce  signals  in  the  telephone. 
With  the  particular  arrangement  used,  the  signals  were  equally 
good  w^ith  and  without  any  earth  connections  to  the  detector. 

ELECTRIC   WAVE   TRANSMISSION   ALONG  A   SINGLE   OPEN    WIRE   OF 
A    TELEPHONE    CABLE. 

The  next  experiment  pertained  to  a  No.  22  B.  &  S.  paper 
insulated  copper  wire  about  seven  miles  long  in  conduit,  whicli 
had  a  resistance  of  about  388  ohms.  The  distant  end  of  this 
wire  was  left  open.  Electric  waves  of  a  length  of  7500  meters, 
corresponding  to  40,000  cycles  per  second,  were  developed  by  a 
high-frequency  generator  and  were  induced  upon  this  line  by 
loose  inductive  coupling.     The  circuit  used  is  shown  diagram- 
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matically  in  Fig.  i,  where  G  is  the  generator  of  the  continuous 
oscillations  of  40,000  cycles  per  second;  Cj  the  condenser,  and 
Li  the  coil  for  tuning  the  primary  circuit  to  resonance  with  the 
generator  period;  /  the  interrupter;  K  the  transmitting  key;  Cg 
the  condenser,  and  L2  the  coil  for  the  corresponding  tuning  ele- 
ments in  the  secondary  or  line;  A  the  line  ammeter.  The  data 
for  a  resonance  curve  of  this  line  were  taken  and  are  given  in 
the  subjoined  table.  The  graph  of  this  data  is  shown  in  Fig.  2. 
Since  the  frequency  of  40,000  cycles  per  second  is  above 
audition,  it  is  necessary,  in  order  to  transmit  telegraphic  signals, 
to  insert  at  the  transmitting  end  an  interrupter,  breaking  the 
series  of  continuous  waves  into  groups  or  trains  of  a  frequency 

Fig.  I. 


within  the  limits  of  audition.  This  was  done  in  the  manner 
usually  employed  in  wireless  telegraphy,  and  the  wave  train 
period  was  approximately  tuwo  second,  giving  a  clear  musical 
note. 


TRANSMISSION    OF    INAUDIBLE    SIGNALS. 

It  is  usual  to  insert  the  interrupter  for  the  production  of 
wave  trains  at  the  transmitting  end  of  the  line,  but  there  are 
advantages  in  shifting  this  piece  of  apparatus  to  the  receiving 
end.  Accordingly,  experiments  were  conducted  to  determine 
this  point.  With  the  interrupter  shifted  to  the  receiving  end  of 
the  line,  inaudible  signals  were  sent  out  by  making  and  breaking 
the  line  current  of  40,000  cycles  per  second  according  to  the 
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dots  and  dashes  of  the  Morse  alphabet.  Signals  sent  out  in  this 
manner  were  entirely  inaudible  at  any  point  along  the  line,  and 
can  only  be  interpreted  at  a  given  point  by  inserting  an  inter- 
rupter whose  function  is  to  break  up  the  otherwise  inaudible 

Fig.  2. 

Resonance  Curves  at  Transmitting  End,  Single  Wire  of  Telephone 

Cable  Line,  Receiving  End  Open,  Dynamo  Frequency 

Constant  at  40,000  Cycles  per  Sec. 
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trains  of  waves,  corresponding  to  the  periods  when  the  key  is 
closed  at  the  transmitting  end,  into  groups  which  can  be  heard. 
This  experiment  was  entirely  successful  and  offers  the  advan- 
tage that  the  Ijne  itself  is  never  permitted  to  carry  any  current 
of  audible  frequency,  so  that  the  chances  of  interference  with 
Vol.  CLXXIII,  No.  1036—25 
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neighboring  lines  are  diminished  and  there  is  no  possibiHty  of 
detecting  the  signals  by  any  oi  the  usual  means.  The  circuit  for 
this  arrangement  is  given  diagrammatically  in  Fig.  3,  where  G 
is  the  generator  of  the  continuous  oscillations  of  40,000  cycles 
per  second;  Ci  the  condenser,  and  Lj  the  coil  for  tuning  this 
primary  circuit  to  resonance  with  the  generator  period ;  L^  C2  the 
corresponding  tuning  elements  in  the  secondary  or  line  circuit 
at  the  transmitting  end;  A  the  line  ammeter;  K  the  transmit- 
ting key;  C\  L\  the  tuning  elements  in  the  primary  or  line 
circuit  at  the  receiving  end ;  U2  C\  L'\  the  corresponding  tuning 
elements  in  the  "  weeding-out "  circuit;  /  the  interrupter;  L\  C\ 
the  tuning  elements  in  the  tertiary  or  detector  circuit;  D  the 

Fig.  X. 


detector,  which  may  be  either  the  perikon  or  the  audion,  and 
the  receiving  head-telephone. 

QUENCHED  SPARK  TELEGRAPHY  ON  WIRE  CIRCUITS. 

The  quenched  spark  set  described  above  was  substituted  for 
the  high-frequency  generator  on  this  same  telephone  line,  and 
operated  on  it  in  an  analogous  manner  to  the  field  line  described 
above.  The  wave-length  used  was  1000  meters,  and  tuning  to 
resonance  at  both  transmitting  and  receiving  ends,  gave  improved 
results  over  the  use  of  an  untuned  line. 

The  interrupter  /  is  shown  placed  in  an  intermediate  circuit, 
L' o  C\  L" 2  L  often  called  a  "  weeding  out  "  circuit  "  in  wireless 
telegraphy,  between  the  tuned  line  circuit  and  the  tuned  detector 
circuit.  Since  this  circuit  has  no  source  of  electromotive  force 
in  it,  the  operation  of  the  interrupter  does  not  produce  audible 
signals  in  the  receiver,  except  when  wave  trains  from  the  dis- 
tant end  are  passing  through  this  circuit;  in  other  words,  if  the 
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interrupter  be  put  directly  in  the  line  circuit,  static  charges  on 
the  line  would  produce  false  signals  in  the  telephone,  and  if  in- 
serted in  the  detector  circuit  a  similar  result  would  occur  on 
account  of  making  and  breaking  the  local  battery  circuit  therein. 

It  is  shown  in  the  above  experiments  that  the  standard  form 
of  quenched  spark  apparatus  of  low  power  is  available  for  use 
on  wire  circuits,  and,  as  these  sets  are  comparatively  inexpensive 
and  are  made  in  portable  sizes  of  small  power,  they  furnish  an 
equipment  immediately  available  for  the  use  of  "  wired-wireless  " 
on  short  lines. 

It  has  been  found  necessary,  however,  to  use  an  intermediate 
circuit  at  the  transmitting  end  similar  to  the  one  described  at 


3tf-^ 


the  receiving  end  of  Fig.  3.  In  case  the  quenched  gap  circuit 
is  coupled  to  the  line  without  an  intermediate  circuit,  since  the 
line  is  of  comparatively  high  resistance,  and  hence  not  a  per- 
sistent oscillator,  the  waves  are  damped  out  sO'  quickly  that  the 
tuning  of  this  circuit  is  extremely  broad.  By  the  use  of  the 
intermediate  circuit  of  low  resistance  and  also  of  high  induct- 
ance, sometimes  called  a  "  fly-wheel  "  circuit,  the  rapidly  damped 
oscillations  in  the  primary  circuit  set  up  more  persistent  oscilla- 
tions in  the  intermediate  circuit,  which  latter  will  now  force  the 
line  circuit  into  more  persistent  oscillations  than  would  other- 
wise be  possible.  The  circuit  used  is  shown  diagrammatically  in 
Fig.  4,  where  G  is  the  500-cycle  generator;  K  the  transmitting 
key;  T  the  open  core  transformer;  vS  the  quenched  spark  gap; 
Ci  the  condenser  and  L^  the  coil  in  the  primary  transmitting 
circuit;  Lo  C2  and  L'2  are  the  corresponding  tuning  elements  in 
the  intermediate  or  "  fly-wheel "  circuit ;  L3  and  C^  are  the  cor- 
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responding  elements  in  the  line  circuit;  and  A  is  the  line  am- 
meter. 

When  this  same  line  was  operated  as  a  standard  Morse  cir- 
cuit, the  superposition  of  the  quenched  spark  **  wired-wireless  " 
on  the  same  line  was  equally  successful. 

TELEGRAPHY    ON    WIRE    CIRCUITS    AT    5OO    CYCLES. 

An  experiment  was  tried  of  connecting  the  soo-cycle  gener- 
ator of  the  wireless  set  to  the  telephone  line  directly,  the  receiv- 
ing apparatus  being  a  low-resistance  telephone  of  the  ordinary 
type.  With  a  voltage  of  about  no  and  a  series  resistance  of 
approximately  2  megohms  in  the  line  at  the  transmitting  end, 
that  is,  with  a  transmitting  current  of  about  50  micro-amperes, 
very  loud  signals  were  received.  This  simple  arrangement  offers 
an  additional  method  of  operating  field  lines  by  the  adaptation 
of  apparatus  already  on  hand,  and  regularly  supplied  by  the  Sig- 
nal Corps  to  troops  in  the  field. 

SUMMARY. 

This  brief  paper  has  outlined  some  methods  of  telegraphy 
involving  the  principles  of  the  wireless  art  as  applied  to  wires. 
It  has  been  shown  that  the  wireless  telegraph  equipment  devel- 
oped by  the  Signal  Corps  for  use  on  aeroplanes  or  for  commu- 
nicating with  mobile  troops  in  the  field,  can  be  employed  to 
create  additional  telegraphic  channels  of  communication  as  fol- 
lows : 

(a)  The  standard  insulated  field  wire  furnished  to  the  Signal 
Corps,  when  paid  out  on  the  ground  and  normally  operated  by 
the  standard  field  buzzer,  may  be  efficiently  used  to  transmit 
Morse  signals  by  electric  waves  by  connecting  it  directly  or 
inductively  to  the  500-cycle  generator  supplied  for  the  wireless 
equipment,  and  the  signals  interpreted  at  the  receiving  end  of  the 
line  by  the  standard  low-resistance  telephone. 

(&)  This  same  wire  may  also  be  used  to  guide  the  high- 
frequency  electric  waves  transmitted  by  the  complete  field  wire- 
less quenched  spark  sending  set  and  received  by  the  complete 
wireless  receiving  set  with  the  usual  detector  and  high-resistance 
telephones.  This  gives  three  well-defined  and  distinctly  separated 
methods  of  transmitting  intelligence  over  wires,  and  permits  the 
possibility  of  using  them  either  separately  or  in  any  operative 


Experiments  in  Wired- Wireless  Telegraphy.       341 

combination  in  accordance  with  the  particular  requirements  of 
the  case.  The  above  results  can  be  accomplished  without  the 
addition  of  a  single  piece  of  apparatus  over  what  is  already  in 
the  hands  of  the  field  companies  of  the  Signal  Corps. 

DATA  FOR  RESONANCE  CURVES  OF  SINGLE  OPEN  WIRE  OF 
TELEPHONE  CABLE. 


Line  Current, 

Wave  Length, 

Cycles, 

in  milliamperes. 

in  meters, 

per  second. 

20 

4670 

64200 

30 

5100 

58800 

40 

5280 

56800 

50 

5590 

53700 

60    • 

5800 

51700 

70 

6020 

49800 

80 

6140 

48900 

90 

6320 

47500 

100 

6450 

46500 

lie 

6580 

45600 

120 

6680 

44900 

130 

6780 

44200 

140 

6880 

43600 

150 

6950 

43200 

160 

7010 

42800 

170 

7130 

42100 

180 

7250 

41400 

188 

7500 

40000 

180 

7940 

37800 

170 

8070 

37200 

160 

8230 

36500 

150 

<\35o 

35900 

140 

8480 

35400 

130 

8630 

34800 

120 

8830 

34000 

no 

9020 

33300 

100 

9290 

32300 

90 

9640 

31  100 

80 

10200 

29400 

70 

10900 

27500 

62 

11950 

25100 
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Repairing  Metal  Work  by  Arc  Welding.  (Electr.  Rly.  Jour., 
xxxviii,  p.  1059.) — The  Pittsburgh  Railways  Company  employs  an 
arc-welding  plant  for  repairing  all  kinds  of  constructional  metal 
work,  except  gray  iron  castings.  Carbon  electrodes  are  generally 
used,  but  for  such  work  as  welding  sheet  steel  on  a  gearcase  an 
electrode  of  cold-rolled  steel  is  used,  the  melting  of  which  provides 
the  required  additional  metal.  The  flux  used  for  welding  consists 
of  17  parts  borax,  1^4  parts  brown  iron  oxide,  and  ij4  parts  red 
iron  oxide.  It  is  stated  that  during  the  first  week  of  use  about 
$237  was  saved,  all  the  necessary  material,  except  the  flux,  being 
taken  from  the  scrap  heap.  The  welding  current  is  furnished  by 
an  old  G.  E.  booster,  consisting  of  a  30-horsepower  shunt  motor 
and  a  60-volt  300-ampere  generator.  The  shunt  field  of  the  booster 
is  directly  excited  from  the  trolley  circuit.  The  grid  resistances, 
which  are  inserted  in  the  series  field  in  series  with  the  armature, 
can  be  varied  from  0.02  to  0.045  ohm,  according  to  the  current 
required. 

The  Law  of  Conservation  as  Applied  to  Illumination 
Calculations.  A.  S.  McAllister.  (Amer.  III.  Engin.  Soc.  Trans., 
vi,  703.) — The  law  of  conservation  of  flux  is:  that  the  value  of  the 
luminous  flux  is  neither  decreased  nor  increased  until  transformed 
according  to  the  well-established  laws  of  nature.  In  so  far  as  the 
so-called  cosine  and  inverse  square  laws  are  concerned,  it  is  abso- 
lutely accurate  to  calculate  the  flux  produced  by  the  source  by  tak- 
ing the  sum  of  the  fluxes  absorbed  by  the  medium  illuminated.  The 
mathematical  relations  between  flux  and  solid  angle  are  worked 
out,  and  line,  plane,  and  spherical  surface  illumination  formulae  are 
obtained.  Curves  are  given  of  the  illumination  on  equilux  spheres 
and  on  horizontal  and  vertical  planes. 

Relation  of  Chemical  Composition  to  Calorific  Power  in 
Wood,  Peat,  etc.  H.  C.  Sherman  and  C.  G.  Amend.  (School 
of  Mines  Quart.,  xxxiii,  30.) — Eight  substances — chestnut  wood 
chips,  raw  and  leached,  hemlock  tan,  raw  and  leached,  leached  oak 
tan,  bagasse,  oil  cake  and  peat — were  subjected  to  ultimate  analysis, 
and  their  calorific  power  was  determined  directly  in  a  bomb  calori- 
meter.    The  values  calculated  by  Dulong's  formula, 

X  =  8o8oC+  34,500  (H  —  ^O)  +  2220  S, 

were  seriously  low  in  all  cases ;  whereas  when  calculated  according 
to  Walker's  formula, 

X  =  8o8o  (C  —  |0)  +  34,500  H+  2220  5, 

the  results  were  high,  but  were  a  fair  approximation  to  the  true 
values.  In  the  case  of  seven  lignites,  the  calculated  results  were 
nearer  correct  when  calculated  by  Walker's  method  than  by 
Dulong's. 
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The  subject  upon  which  I  have  been  invited  to  speak  is  sc 
broad  that  a  large  sized  text-book  would  be  required  to  cover, 
even  in  abstract  form,  the  information  that  has  so  far  been 
obtained  by  engineers  and  chemists  engaged  in  bituminous  road 
and  paving  work.  It  is  evident,  therefore,  that  the  present  dis- 
cussion must  be  limited  to  a  few  fundamental  principles  if  the 
entire  subject  is  to  be  covered. 

Notwithstanding  the  enormous  amount  of  bituminous  road 
and  paving  work  that  has  been  done  in  this  country,  the  majority 
of  highway  engineers  to-day  are  far  from  feeling  satisfied  that 
they  can  successfully  meet  in  an  economical  manner  the  problems 
which  modern  conditions  have  imposed.  To  a  great  extent  this 
is  due  to  their  lack  of  information  regarding  the  physical  and 
chemical  characteristics  of  the  materials  which  they  are  obliged 
to  use,  and  to  a  reluctance  on  the  part  of  many  municipalities  to 
incur  the  expense  of  expert  inspection  of  these  materials.  It  is 
safe  to  say  that  no  type  of  work  requires  more  careful  nor  more 
constant  inspection  than  that  involving  the  use  of  bituminous  road 
and  paving  materials,  and  until  such  inspection  is  generally 
adopted  the  use  of  these  products  will  never  pass  beyond  the 
experimental  stage.  The  reason  for  this  must  be  apparent  when 
the  widely-varying  nature  of  the  bitumens  themselves  is  con- 
sidered. 

No  sharp  distinction  can  be  made  between  the  terms  roads 
and  pavements.  This  is  especially  true  at  the  present  time,  owing 
to  the  fact  that  many  materials  of  construction  are  common  to 
both,  and  in  suburban  roads  in  particular  the  methods  of  con- 
struction often  approach  very  closely,  or  are  identical  with,  the 
methods  of  constructing  certain  types  of  city  pavements.  In 
general,  however,  roads  may  be  considered  as  highways,  improved 

*  Presented  at  the  meeting  of  the  Mechanical  and  Engineering  Section, 
held  February  29,  1912. 
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or  unimproved,  which  mainly  occur  in  rural  and  suburban  dis- 
tricts, and  pavements  as  highways  occurring  mainly  in  cities  and 
towns.  Roads  are  usually  constructed  of  earth,  gravel,  or  broken 
stone,  with  or  without  the  addition  of-  special  binding  material. 
In  the  more  advanced  types  but  little  attention  is  paid  to  grading 
the  aggregate.  Pavements,  on  the  other  hand,  are  constructed 
of  sand  or  broken  stone  bound  with  an  hydraulic  or  bituminous 
cement  and  often  of  a  mixture  of  three  or  four  constituents  care- 
fully graded  and  proportioned  before  mixing.  In  addition,  regu- 
lar sets  of  brick,  stone  block,  asphalt  block,  and  bituminized  or 
creosoted  wood  blocks  are  also  employed.  At  the  present  time 
great  variations  in  methods  as  well  as  materials  of  construction 
exist,  and  because  of  this  fact  absolute  standards  which  will  suc- 
cessfully meet  all  conditions  are  an  impossibility.  The  problems 
encountered  in  road  and  paving  construction  are  so  numerous 
and  so  involved  that  the  services  of  experts  who  have  specialized 
in  this  field  have  come  to  be  almost  a  matter  of  absolute  necessity 
where  work  of  any  magnitude  is  undertaken  except  in  a  purely 
experimental  manner.  And  even  where  the  work  is  of  an  experi- 
mental nature  expert  advice  and  inspection  are  necessary  to  obtain 
information  of  greatest  value,  upon  which  future  work  may  be 
based. 

Bituminous  roads  and  pavements  may  be  conveniently  divided 
into  seven  groups:  (i)  bituminous  earth  roads,  (2)  bituminous 
gravel  roads,  (3)  bituminous  macadam  roads,  (4)  bituminous 
concrete  pavements,  (5)  sheet  asphalt  pavements,  (6)  asphalt 
block,  and  (7)  bituminized  wood  block  pavements.  All  of  these 
groups  are  sharply  defined  with  the  exception  of  the  bituminous 
macadam  and  bituminous  concrete,  which  overlap  each  other 
according  to  the  method  and  degree  of  refinement  used  in  con- 
struction. Bituminous  earth,  gravel,  and  broken  stone  roads 
may  be  either  constructed  in  such  manner  that  the  bituminous 
binder  is  incorporated  in  the  road  proper,  or  only  a  surface  appli- 
cation of  the  bitumen  may  be  given  to  the  otherwise  completed 
road.  In  the  last  four  types  bitumen  is  always  incorporated 
with  at  least  a  portion  of  the  paving  material,  and  usually  before 
placing  it.  Whether  in  surface  treatment  or  construction,  selec- 
tion can  be  made  from  a  great  variety  of  bituminous  materials, 
and  these  materials  may  be  applied  or  used  according  to  many 
different  methods. 
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The  selection  and  use  of  bituminous  materials  for  the  types 
of  roads  and  pavements  previously  mentioned  may  best  be  dis- 
cussed after  considering  the  characteristics  of  the  bitumens 
themselves. 

In  the  broadest  sense  bitumens  may  be  defined  as  mixtures  of 
native  or  pyrogenous  hydrocarbons  and  their  derivatives,  which 
may  be  gases,  liquids,  viscous  liquids,  or  solids.  If  solids,  they 
soften  more  or  less  readily  upon  the  application  of  heat  and  are 
soluble  in  certain  organic  solvents.  They  may  be  conveniently 
divided  into  two  main  classes:  (i)  native  bitumens  and  (2) 
artificial  bitumens.  Native  bitumens,  as  their  name  implies,  occur 
in  nature,  and  often  contain  impurities,  such  as  water,  clay,  silt, 
sand  and  extraneous  organic  or  vegetable  matter.  Those  of 
interest  as  road  materials  are  petroleums,  malthas,  asphalts,  and 
other  solid  products  of  an  asphaltic  nature,  such  as  Gilsonite 
and  Grahamite.  Artificial  bitumens  are  distillates  and  residues 
produced  by  the  partial  or  fractional  distillation  of  bitumens, 
pyrobitumens,  and  other  organic  materials,  such  as  wood  or 
bone.  Manufactured  petroleum  residuums,  oil  asphalts,  asphaltic 
cements,  coal  tars,  water-gas  tars,  and  tar  distillates  are  the 
most  important  members  of  this  class  from  the  stand-point  of 
road  and  paving  work. 

Both  crude  native  and  artificial  bitumens  are  almost  invaria- 
bly refined  before  they  are  used  in  highway  treatment  or  con- 
struction. The  refining  process  may  consist  in  a  separation  of 
some  of  the  constituents  present,  either  by  sedimentation  or  dis- 
tillation, A  third  process,  known  as  fluxing,  is  also  employed 
to  a  large  extent  in  the  preparation  of  the  finished  product.  With 
few  exceptions,  crude  bitumens  contain  water,  and  the  crude 
native  products  carry  extraneous  mineral  and  organic  matter  as 
well.  If  the  material  is  sufficiently  fluid,  as  in  the  case  of  many 
crude  petroleums  and  tars,  much  of  the  water  may  be  removed 
by  natural  separation  in  large  storage  tanks  or  wells.  Here  the 
water  gradually  collects  at  the  bottom  where  petroleums  are 
stored,  and  also  mineral  matter  if  it  is  present.  In  the  case  of 
tars  the  water  rises  to  the  top,  owing  to  the  greater  density  of 
such  materials.  If  the  crude  material  is  extremely  viscous  or 
semi-solid,  heat  may  be  required  to  efifect  the  separation.  Native 
asphalts  are  thus  refined  by  heating  them  in  large  tanks  or  kettles 
until  fluid,  when  the  water  and  extraneous  organic  matter  col- 
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lect  at  the  top  and  are  skimmed  off,  while  the  mineral  impurities 
collect  at  the  bottom. 

In  the  manufacture  of  dust  preventives  and  binders  from 
bitumens,  consistency  is  one  of  the  most  important  physical 
properties  to  be  considered,  and  this  property  can  be  controlled 
by  distillation  or  fluxing.  Thus  a  fluid  petroleum  or  tar  may  be 
brought  to  any  desired  degree  of  solidity  by  distilling  off  the 
proper  portion  of  the  more  volatile  constituents.  If  the  distilla- 
tion is  accompanied  by  blowing  air  through  the  hot  material,  the 
desired  degree  of  solidification  may  be  brought  about  at  a  lower 
temperature  than  by  straight  distillation  and  the  yield  of  residue 
increased,  but  such  effect  is  produced  by  certain  chemical  changes 
in  the  material  proper,  and  not  by  merely  removing  the  more 
volatile  products.  This  method  is  known  as  the  blowing  process, 
and  the  materials  produced  are  said  to  be  blown  products.  They 
are  characteristically  short  or  non-ductile. 

Fluxing  consists  in  mixing  or  combining  a  hard  or  solid 
bitumen  with  one  that  is  more  fluid,  called  the  flux.  This  com- 
bination is  usually  facilitated  by  the  application  of  heat  and 
mechanical  agitation.  Fluxing  may  serve  one  of  two  purposes : 
a  hard  bitumen  may  be  softened  to  the  desired  consistency  by  the 
addition  of  a  fluid  bitumen,  or  a  viscous  bitumen  may  be  rein- 
forced or  hardened  by  the  addition  of  a  solid  bitumen.  Thus  it 
is  customary  to  soften  a  refined  native  asphalt  with  a  fluid  petro- 
leum residuum  and  also  to  reinforce  very  viscous  blown  petrc^ 
leum  residuums  with  such  products  as  Gilsonite,  which  are  hard 
and  solid. 

The  following  diagram  gives  a  graphic  representation  of  the 
principal  types  of  bituminous  road  and  paving  materials  as  pro- 
duced by  the  processes  mentioned,  also  of  products  formed  simul- 
taneously with  their  manufacture. 

It  will  be  noted  that  the  crude  materials  are  divided  into 
three  general  classes — petroleums,  asphalts,  and  tars — which  are 
all  subjected  to  the  process  of  sedimentation  before  further  use, 
in  order  to  remove  water  and  other  impurities  in  so  far  as  pos- 
sible. Distillation  is  the  second  process  involved  in  the  prepara- 
tions of  petroleum  and  tar  products,  and  in  each  case  two  classes 
of  products  are  formed — distillates  and  residues.  This  distilla- 
tion results  mainly  in  a  fractionation  of  the  material,  and  the 
more  volatile  constituents  or  distillates  are  thus  separated  from 
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the  less  volatile  residues.  When  fractional  distillation  is  em- 
ployed the  distillates  are  oils  or  greases  and  possess  no  binding 
value.  The  true  binding  constituents,  if  present,  are  always  to 
be  found  in  the  residues,  and  these  residues  are  used  to  a  great 
extent  as  binders  for  road  and  paving  work. 

As  previously  stated,  the  consistency  of  a  residue  may  be 
controlled  by  the  quantity  of  distillate  removed.  Sometimes  the 
residue,  while  otherwise  satisfactory,  is  harder  than  can  be 
readily  employed  according  to  a  given  method  of  construction. 
For  instance,  an  oil  asphalt  or  heavy  refined  tar,  while  suitable 
for  the  preparation  of  a  bituminous  concrete,  cannot  be  mixed 
with  cold  stone.  When  this  is  so  the  material  is  sometimes  fluxed 
with  one  of  the  lighter  distillates  which  have  previously  been 
removed,  and  the  resulting  product  is  said  to  be  cut  back.  The 
oil  or  tar  residue  is  thus  brought  to  any  desired  degree  of  fluidity 
necessary  to  facilitate  cold  mixing,  and  the  distillate  is  expected 
to  act  only  as  a  temporary  flux.  If  sufficiently  volatile,  it  will, 
in  the  course  of  time,  evaporate  and  leave  the  original  residue  as 
the  permanent  binding  material. 

Refined  asphalts  and  other  solid  native  bitumens  of  an  asphal- 
tic  nature  are  often  too  hard  for  road  or  paving  work.  Perma- 
nent fluxes,  such  as  the  fluid  non-volatile  petroleum  residues, 
are  therefore  incorporated  with  them  to  produce  asphalt  cements 
of  desired  consistency.  Various  combinations  of  petroleum 
residuums  with  tar  products  may  also  be  made  with  the  forma- 
tion of  what  are  known  as  tar-asphalt  compounds.  Emulsions 
may  be  produced  from  nearly  any  of  the  bitumens  used  in  road 
and  paving  work  by  incorporating  them  with  soap  solutions  in 
one  way  or  another. 

While  distillation  at  comparatively  moderate  temperatures 
usually  results  in  fractionally  separating  the  constituents  already 
present  in  a  bitumen,  if  it  is  carried  beyond  a  certain  point  the 
compounds  remaining  in  the  residue  may  be  altered  chemically. 
This  is  caused  by  a  cracking  or  breaking  down  of  certain  of  the 
constituents  into  products  which  did  not  exist  in  the  original 
material,  and  the  general  character  of  the  material  is  therefore 
altered.  If  distillation  is  pushed  to  the  limit,  a  complete  change 
in  the  residue  is  effected  and  coke  is  formed.  In  this  case  the 
process  is  said  to  be  destructive.  The  two  extreme  forms  of 
distillation   are   therefore   known   as   fractional   distillation   and 
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destructive  distillation.  An  intennediate  form  where  chemical 
changes  take  place  without  the  production  of  coke  is  known  as 
cracking.  It  is  evident  that  the  method  of  distilling  a  bitumen 
will  largely  control  the  ultimate  character  of  both  distillate  and 
residue.  As  applied  to  bitumens,  the  process  of  cracking  and 
destructive  distillation  results  in  the  formation  of  undesirable 
residues  from  the  standpoint  of  their  use  in  road  and  paving 
work. 

This  point  may  be  illustrated  by  comparison  with  the  very 
common  operation  of  making  candy  from  a  solution  of  sugar 
in  water.  At  first  the  sugar  solution  is  a  comparatively  thin 
liquid  possessing  very  little  adhesiveness.  As  it  is  boiled,  how- 
ever, a  portion  of  the  water  is  driven  off  or  fractionally  separated 
and  the  residue  gradually  becomes  more  viscous  and  sticky. 
The  formation  of  a  syrup  is  thus  entirely  comparable  with  the 
production  of  a  thick,  viscous  road  oil  or  road  tar.  In  the  case 
of  the  sugar  solution,  if  boiling  is  continued  a  little  further  more 
water  is  removed,  and  if  the  residue  is  allowed  to  cool  a  sticky 
taffy  is  produced  which  can  be  compared  with  the  oil  asphalts 
and  soft  tar  pitches.  If  the  solution  is  boiled  beyond  the  taffy 
stage  more  water  is  removed  and  brittle  candy  is  formed,  which 
corresponds  to  the  harder  pitches  from  bitumen  distillation. 
Now  up  to  this  point  the  inherent  adhesiveness  of  the  sugar  solu- 
tion has  not  been  injured,  and  if  the  brittle  candy  is  dissolved 
in  a  little  water  a  sticky  syrup  will  be  produced.  This  would 
represent  the  cutting-back  process  before  mentioned.  If,  how- 
ever, the  sugar  solution  is  not  removed  from  the  fire  at  the 
brittle  candy  stage  certain  chemical  changes  begin  to  take  place. 
First  the  solution  darkens  very  decidedly  with  the  formation  of 
caramel,  and  the  odor  of  burnt  sugar  is  noticed  in  the  vapors 
given  off.  Evidently  something  besides  water  is  being  removed. 
Sugar  itself  will  not  distil  unaltered,  and  the  product  other  than 
water  which  is  driven  off  has  been  formed  by  a  chemical  breaking 
down  of  the  sugar  molecules.  Here  we  have  an  example  of 
cracking.  If  the  solution  remains  much  longer  on  the  stove  the 
entire  mass  swells  up,  intumesces,  and  gives  off  an  acrid  odor, 
and  an  examination  of  the  residue  when  cold  will  show  it  to  be 
black,  brittle,  and  powdery.  It  has  almost  entirely  lost  its  prop- 
erty of  forming  a  syrup  when  mixed  with  water,  and,  in  fact,  the 
greater  portion  will  not  even  dissolve  in  water,  but  floats  on  the 
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surface  as  a  black  deposit.  In  other  words,  its  binding  value 
has  been  seriously  injured.  If  the  mass  is  still  further  heated, 
tarry  vapors  are  produced  and  only  coke  remains  in  the  con- 
tainer.   The  final  operation  has  been  destructive. 

In  the  preparation  of  petroleum  road  and  paving  binders, 
only  those  oils  which  produce  residues  similar  to  the  native 
asphalts  are  of  value.  There  are  two  distinct  types  of  crude 
petroleum,  one  of  which  contains  a  greasy  base  or  residue  and 
the  other  a  sticky  base.  They  are  known,  respectively,  as  paraffin 
and  asphaltic  petroleums.  Intermediate  varieties  which  partake 
of  the  nature  of  both  and  contain  a  mixed  base  are  known  as 
semi-asphaltic  petroleums.  Paraffin  petroleums  are  chemically 
more  stable  than,  the  asphaltic  petroleums,  and  are  therefore 
less  likely  to  change  in  character  under  service  conditions.  While 
these  residues  have  little  adhesive  value,  if  sufficiently  fluid  they 
may  make  admirable  permanent  fluxes.  A  fluid  asphaltic  petro- 
leum residue,  on  the  other  hand,  may  make  an  undesirable  per- 
manent flux,  owing  to  its  tendency  to  harden  under  atmospheric 
conditions  and  thereby  to  increase  the  hardness  of  an  asphaltic 
cement  beyond  the  proper  limit  for  the  work  in  which  it  is  used. 
The  proper  selection  of  a  flux  for  the  preparation  of  an  asphaltic 
cement  is  consequently  a  very  important  matter.  This  is  also 
true  of  cut-back  products,  in  which  the  flux  should  be  either 
chemically  unstable  or  readily  volatile. 

Certain  intermediate  native  products,  lying  between  the  petro- 
leums and  asphalts,  which  are  known  as  malthas,  exhibit  many  of 
the  properties  of  cut-back  oil  asphalts.  They  contain  an  asphaltic 
base,  certain  volatile  constituents,  and  a  scarcity  of  intermediate 
oils.  When  the  lighter  oils  evaporate  under  natural  conditions  a 
semi-solid  residue  or  asphalt  is  left.  When  malthas  occur  im- 
pregnating sandstone,  the  aggregate  is  termed  rock  asphalt.  Rock 
asphalts  have  been  used  to  a  considerable  extent  in  road  and 
paving  work. 

There  is  almost  as  great  a  variety  of  solid  native  bitumens 
as  petroleums.  In  fact,  these  products  may,  for  all  practical 
purposes,  be  considered  as  naturally  produced  petroleum  resid- 
uums.  They  therefore  range  from  almost  pure  paraffin  com- 
pounds to  asphaltic  compounds.  The  latter  only  are  suitable  for 
the  preparation  of  road  and  paving  materials.  They  are,  as  a 
rule,  too  hard  to  be  used  for  this  purpose  in  their  natural  condi- 
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tion,  and  have  to  be  fluxed  to  desired  consistency.  Under  the 
native  asphalts,  such  products  as  Gilsonite,  Grahamite,  and  other 
solid  native  bitumens  of  an  asphaltic  nature  may  be  grouped. 

While  petroleums,  malthas,  and  the  solid  native  bitumens 
are  all  closely  related  and  many  of  them  contain  identical  con- 
stituents, tars  are  an  entirely  different  class  of  bitumens.  They 
are  artificial  distillates  produced  by  the  destructive  distillation 
of  organic  matter,  such  as  coal,  wood,  bone,  oil,  etc.  Those  of 
special  interest  from  the  stand-point  of  road  and  paving  work 
are  produced  from  bituminous  coal,  and  from  gas  oils  which 
are  themselves  fractional  distillates  of  petroleum.  Unlike  the 
distillates  from  fractional  distillation,  those  produced  by  de- 
structive distillation  often  possess  a  very  considerable  amount  of 
inherent  binding  value.  Thus  the  gas  oils  are,  as  a  rule,  essen- 
tially greasy,  but  if  they  are  subjected  to  a  peculiar  process  of 
cracking,  as  in  the  manufacture  of  carburetted  water  gas,  the 
tar  distillates  which  are  produced  may  afterwards  be  fraction- 
ally distilled  to  produce  characteristically  adhesive  residues  or 
tar  pitches. 

Coal  tar  is  a  by-product  of  the  manufacture  of  illuminating 
gas  or  coke  from  coal,  and  tar  produced  as  a  by-product  from 
gas  oils  in  the  manufacture  of  carburetted  water  gas  is  known 
as  water-gas  tar.  Although  originating  from  two  entirely  dif- 
ferent sources,  they  have  many  properties  in  common,  and  to  a 
large  extent  carry  identical  constituents.  In  the  crude  state 
they  always  carry  a  considerable  percentage  of  water,  which  in 
the  case  of  coal  tars  is  ammoniacal.  As  they  are  distillates,  prac- 
tically no  mineral  matter  is  present,  but  they  contain  more  or 
less  suspended  organic  matter,  not  bitumen,  which  is  commonly 
called  free  carbon.  The  water  may,  to  a  large  extent,  be  removed 
by  sedimentation,  and  this  removal  is  completed  in  the  first 
stages  of  fractional  distillation.  Free  carbon,  however,  per- 
sistently remains  in  the  tar  body  and  cannot  be  removed  except 
by  filtration.  This  is  seldom  if  ever  done  in  the  manufacture 
of  road  and  paving  materials. 

Coal  tars  may  be  divided  into  two  classes,  known  as  gas- 
house  tars  and  coke-oven  tars.  The  former,  as  a  rule,  contain  a 
much  higher  percentage  of  free  carbon  than  the  latter,  and  in 
certain  respects  are  less  desirable  for  the  manufacture  of  road 
binders.     Water-gas  tars  contain  only  a  very  small  percentage  of 
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free  carbon.  In  1908  about  lOi  million  gallons  of  coal  tar  were 
produced  in  this  country,  nearly  43  million  of  which  were  coke- 
oven  tars.  In  19 10  over  66  million  gallons  of  coke-oven  tar 
were  produced  and  recovered.  Our  possible  annual  supply  of 
this  type  of  bitumen  is,  however,  far  in  excess  of  this  figure,  for 
it  has  been  estimated  that  the  enormous  amount  of  500  million 
gallons  of  coke-oven  tars  was  lost  during  1910,  through  the  use 
of  non-recovery  or  bee-hive  ovens  in  which  the  vapors  are  waste- 
fully  allowed  to  burn  upon  being  set  free  from  the  coal.  The 
value  of  the  tar  thus  lost  amounts  approximately  to  $12,000,000 
annually. 

In  the  preparation  of  tar  binders  the  method  of  distillation 
conforms  quite  closely  to  that  followed  in  the  manufacture  of 
petroleum  binders.  For  a  given  type  of  construction,  however, 
a  much  softer  tar  residue  is  prepared  than  in  the  case  of  petro- 
leum. This  is  due  to  the  fact  that  the  harder  tar  residues  are 
much  more  susceptible  to  temperature  changes  than  the  petro- 
leum or  asphalt  preparations  of  similar  consistency,  and  are  there- 
fore apt  to  be  more  brittle  in  cold  weather.  A  softer  consistency 
for  tar  products  is  allowable  because  of  their  greater  adhesiveness 
and  binding  value,  and  it  is  further  advisable  because  tar  binders 
set  up  or  harden  more  rapidly  through  loss  by  volatilization  or 
certain  chemical  changes  which  the  tar  undergoes  on  exposure 
to  service  conditions.  Attempts  to  bring  these  peculiar  charac- 
teristics of  tars  under  more  perfect  control  have  been  made  by 
fluxing  or  incorporating  them  with  certain  petroleum  products. 
The  resulting  mixtures  are  called  tar-asphalt  compounds.  While 
the  possibilities  of  such  mixtures  are  great,  and  encouraging 
results  have  in  certain  cases  attended  their  use  in  road  con- 
struction, there  is  much  yet  to  be  learned  regarding  them.  Un- 
less carefully  made,  with  just  the  proper  grades  and  proportions 
of  each,  the  combination  of  tar  and  petroleum  products  to  forni 
a  satisfactory  road  material  is  by  no  means  assured,  and  a  con- 
siderable amount  of  research  will  be  required  to  perfect  the  tar- 
asphalt  compounds.  Frequent  failures  have  resulted  from  the 
indiscriminate  mixture  of  these  materials  by  engineers  not  famil- 
iar with  the  physical  and  chemical  properties  of  each.  In  the 
author's  opinion,  the  fundamental  cause  of  these  failures  is  due 
to  the  fact  that,  while  some  of  the  lighter  constituents  of  tars  are 
good  fluxes  for  petroleum  bases,  petroleum  oils  are  poor  fluxes 
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for  tar  residues,  and  often  act  as  precipitants  of  these  bases 
with  the  formation  of  a  crumbly,  non-adhesive  mixture. 

One  of  the  constituents  of  tars  which  is  of  considerable  inter- 
est in  connection  with  road  and  paving  materials  is  naphthalene. 
This  product  is  found  both  in  the  distillates  and  in  the  tar  resi- 
dues. It  is  a  white  crystalline  substance,  readily  volatile,  and, 
although  solid  at  ordinary  temperatures,  it  has  the  property  of 
acting  as  a  flux  for  the  solid  tar  pitches.  Thus  a  combination 
of  two  solid  bodies  may  be  made  to  produce  a  fluid  mixture.  It 
would  seem  that  the  volatilization  of  naphthalene  from  tar 
residues  might  be  largely  responsible  for  their  rapid  hardening 
under  service  conditions.  Naphthalene  also  occurs  in  the  tar 
distillates  used  for  creosoting  wood  block.  So  far  as  the  author 
is  aware,  except  for  the  purpose  of  cutting  back  residues,  tar 
distillates  are  only  of  value  in  the  road  and  paving  industries  for 
the  purpose  of  impregnating  and  water-proofing  wood  block. 
They  are  seldom  if  ever  used  for  road  treatment,  as  they  exhibit 
no  binding  value  and  have  but  few  of  the  characteristics  requisite 
for  a  good  dust  preventive.  Even  when  used  in  connection  with 
wood  it  is  a  cjuestion  as  to  whether  their  quality  is  not  improved 
by  the  addition  of  tar  residues  containing  low  percentages  of  free 
carbon. 

Having  in  a  general  way  considered  the  preparation  and 
characteristic  properties  of  the  bitumens  used  in  road  and  paving 
work,  their  application  for  this  purpose  may  be  taken  up.  In  the 
present  paper  it  is  hardly  practicable  to  describe  in  detail  the 
various  methods  of  applying  bitumens  and  of  constructing  bitu- 
minous roads  and  pavements.  What  results  are  to  be  expected 
from  the  use  of  the  different  types  of  bitumens  may,  however, 
be  briefly  considered. 

The  use  of  bitumens  in  the  treatment  and  construction  of 
earth  roads  was  first  tried  for  the  purpose  of  reducing  the  annoy- 
ance and  damage  caused  by  road  dust  in  localities  where  pro- 
tracted spells  of  dry  weather  were  of  frequent  occurrence.  Most 
of  this  work  has  been  carried  on  in  the  State  of  California,  where 
crude  native  asphaltic  oils  of  local  occurrence  were  first  applied 
to  the  road  surface.  The  results  were  so  successful,  in  so  far  as 
laying  the  dust  was  concerned,  that  after  the  first  experiment  had 
been  made  in  1894  the  use  of  crude  oil  for  this  purpose  advanced 
quite  rapidly.     From  this  work  it  was  soon  learned  that  so  long 
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as  the  road  was  hard  and  dry  it  could  be  made  dustless  for  a 
considerable  leng-th  of  time  by  a  single  application  of  oil.  In 
rainy  weather,  however,  the  road  became  saturated  with  water, 
and  the  oiled  crust  broke  up  under  traffic,  producing  a  dis- 
agreeable mud.  When  the  road  again  dried  out,  the  dust- 
laying  effect  of  the  oil  was  to  a  great  extent  destroyed,  owing 
to  the  destruction  of  the  crust.  Because  of  this  fact,  attempts 
were  made  to  construct  oil  earth  roads  by  incorporating  the  oil 
with  the  earth  to  a  depth  of  five  or  six  inches.  This  was  accom- 
plished by  first  plowing  up  and  harrowing  the  road  to  the  required 
depth,  then  applying  the  oil,  and  afterwards  mixing  it  with  the 
eiarth  and  consolidating  the  mixture  by  means  of  an  ingenious 
device  known  as  -the  sheep's  foot  or  tamping  roller.  Roads  so 
constructed  were  found  to  be  almost  permanently  dustless,  but 
their  capacity  for  bearing  loads  was  much  lessened  as  compared 
with  the  hard  dry  earth,  and  their  tractive  resistance  was  greatly 
increased.  The  development  of  such  roads  up  to  the  present  time 
has  shown  them  to  be  far  from  satisfactory  under  heavy  hauling 
traffic,  and  when  constructed  in  the  eastern  section  of  the  United 
States,  and,  in  fact,  almost  anywhere  except  in  California,  they 
have  almost  invariably  proved  failures. 

There  are  two  fundamental  reasons  for  this  lack  of  success, 
and  one  of  these  reasons  is  an  underlying  principle  which  has 
long  been  recognized  in  the  construction  of  sheet  asphalt  pave- 
ments. It  is,  that  in  order  to  produce  a  satisfactory  wearing 
surface  from  a  mixture  of  bitumen  and  a  finely-divided  mineral 
aggregate  containing  particles  no  larger  than  sand  grains  it  is 
necessary  that  the  aggregate  be  carefully  graded  and  that  the 
bitumen  be  a  semi-solid  having  veiy  definite  consistency  limits. 
In  other  words,  the  tendency  of  the  particles  of  a  finely-divided 
aggregate  to  displacement  under  traffic  conditions  must  be  over- 
come by  first  making  the  aggregate  as  dense  as  possible,  and  then 
holding  the  particles  together  by  cementing  them  with  a  tough 
and  fairly  hard  bituminous  binder.  This  is  the  key  to  the  situa- 
tion as  regards  bituminous  earth  roads,  and  because  of  the  diffi- 
culties in  meeting  these  requirements  the  outlook  for  this  type 
of  road  is  not  exceedingly  promising.  Even  if  the  grading  of 
the  mineral  matter  could  be  assured,  the  thorough  incorporation 
of  unheated  earth  with  a  melted  bitumen,  which  congeals  upon 
coming  in  contact  with  it,  cannot  be  accomplished,  and  a  more 
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fluid  product  will  not  produce  the  requisite  stability.  The  only- 
reason  that  partial  success  has  attended  such  work  in  California 
is  that  the  local  petroleums  are  highly  asphaltic  and  exhibit  a 
tendency  to  harden  rapidly  upon  exposure  to  atmospheric  con- 
ditions. The  absolute  failures  in  the  East  are  due,  first  of  all, 
to  the  above-mentioned  cause,  and,  secondly,  to  the  fact  that 
the  oils  used  were  only  semi-asphaltic  and  possessed  neither  the 
binding  value  nor  the  tendency  to  harden  which  the  California 
oils  exhibit.  As  a  result,  these  roads  had  little  bearing  capacity 
and  rutted  badly  under  traffic.  In  wet  weather  water  was  ground 
into  the  oiled  earth,  with  which  it  emulsified  to  produce  an 
obnoxious  greasy  mud  to  the  full  depth  of  the  road.  Under 
these  conditions  even  the  dust-laying  effect  of  the  oil  soon 
disappeared. 

With  regard  to  bituminous  gravel  roads  little  need  be  said,  as 
they  are  the  connecting  link  between  the  bituminous  earth  and 
bituminous  macadam  types  and  partake  to  a  great  extent  of  the 
nature  of  both.  In  general,  the  surface  treatment  of  gravel  roads 
with  bitumens  gives  more  promise  of  success  than  the  use  of  these 
materials  in  construction.  Well-compacted  gravel  has  consider- 
able inherent  stability  or  capacity  for  carrying  loads  without  suf- 
fering displacement.  A  bituminous  mat  or  crust  formed  on  the 
surface  of  a  gravel  road  does  not  tend,  therefore,  to  break  through 
under  traffic,  as  in  the  case  of  earth  roads.  Most  gravel,  how- 
ever, contains  a  large  proportion  of  rounded  water-worn  pebbles 
which  do  not  interlock,  and,  when  mixed  with  a  bituminous 
binder,  tend  to  slide  over  one  another  under  pressure.  Unless 
the  gravel  contains  a  certain  proportion  of  coarse,  angular  sand 
grains  which  operate  to  reduce  such  movement,  the  bituminous- 
constructed  gravel  road  is  not  as  apt  to  give  satisfaction  as  the 
bituminous  macadam. 

Before  considering  the  bituminous  macadam  road  it  may  be 
well  to  review  briefly  the  reason  why  it  has  become  necessary, 
in  many  localities,  to  modify  the  old  macadam  type  of  con- 
struction. The  principal  cause  is  generally  admitted  to  be  a  class 
of  traffic  that  has  within  the  past  ten  years  become  quite  common, 
but  which  was  unknown  in  the  days  of  Macadam,  and  for  which 
the  road  that  bears  his  name  was  never  devised.  The  roads  of 
to-day  are  called  upon  to  meet  entirely  different  conditions  from 
those  formerly  encountered,  owing  to  the  introduction  and  rapid 
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adoption  of  the  automobile.  Had  not  this  new  class  of  traffic 
appeared,  the  ordinary  macadam  would  still  be  a  successful  type 
of  road  for  country  and  suburban  traffic,  as  it  is  well  adapted 
to  meet  the  conditions  imposed  upon  it  by  horse-drawn,  steel- 
tired  vehicles.  It  has  been  found,  however,  that  no  ordinary 
water-bound  macadam  is  capable  of  withstanding,  for  any  length 
of  time,  the  action  of  excessive  automobile  traffic,  which  tends  to 
denude  the  road  of  all  its  rock  dust,  thus  destroying  the  bond  of 
the  wearing  surface,  and  then  to  pry  loose  the  larger  fragments 
of  stone  beneath,  and  so  cause  ravelling  and  disintegration.  To 
prevent  this  action,  recourse  has  been  had  to  treating  old  road 
surfaces  with  bituminous  materials  so  as  to  prevent  the  removal 
of  dust  and  at  the  same  time  bind  and  hold  in  place  the  fragments 
of  broken  stone  which  constitute  the  body  of  the  road. 

For  the  treatment  of  old  road  surfaces  fluid  petroleum  and 
tar  residues,  and  also  certain  petroleum  distillates,  have  been 
extensively  used.  The  latter  serve  as  dust  preventives  only,  and 
in  no  sense  as  road  binders,  although,  by  moistening  or  oiling 
the  dust  particles  on  a  road,  they  prevent  to  a  great  extent  their 
removal  by  motor  traffic  and  thus  prevent  the  road  from  rapid 
disintegration.  This  effect  is  but  temporary,  and  on  heavily- 
travelled  roads  rather  frequent  applications  are  required.  Con- 
siderable care  has  to  be  exercised  to  keep  the  rate  of  application 
within  proper  limits,  for  if  an  excess  of  these  oils  is  used  they 
act  as  lubricants  for  the  larger  stone  particles  and  destroy  the 
natural  binding  A^alue  of  the  rock  dust,  thus  hastening  the  disin- 
tegration of  the  road.  Moreover,  an  excess  will  produce  an  oily 
disagreeable  mud  in  wet  weather.  The  same  is  true  of  the  more 
fluid,  non-volatile  petroleum  residuums.  All  of  the  bituminous 
materials  which  are  merely  dust  preventives  can  be  applied  cold 
by  means  of  a  sprinkler. 

The  selection  and  use  of  viscous  petroleum  and  tar  residues 
which  are  expected  to  act  as  binders,  in  addition  to  being  dust 
preventives,  require  considerable  judgment,  and  best  results  can 
only  be  secured  by  purchasing  these  materials  under  specifications 
and  then  having  them  systematically  examined  for  conformity 
with  specifications.  Such  products  have  been  termed  semi-per- 
manent binders.  They  are  employed  for  the  purpose  of  forming 
a  bituminous  cushion  or  mat  over  the  road  surface,  thus  protect- 
ing it  from  wear.     They  are  applied  by  means  of  specially-con- 
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structed  distributers,  either  hot  or  cold  and  with  or  without 
pressure,  according  to  their  viscosity  and  the  desired  rate  of 
appHcation.  If  they  do  not  contain  a  good  binding  base  which 
becomes  available  under  service  conditions  they  are  apt  to  prove 
most  unsatisfactory.  Even  when  derived  from  the  better  types 
of  bitumens,  careful  selection  should  be  made  with  regard  to 
the  traffic  which  they  will  have  to  meet. 

Unlike  the  plain  macadam  road,  a  bitumen-surfaced  macadam 
is  less  injured  by  motor  vehicles  than  by  horse  traffic.  In  fact, 
the  former  class  of  traffic  is,  under  most  conditions,  actually 
beneficial  to  a  bituminous  surface  cushion,  and  were  it  not  for 
the  fact  that  mixed  traffic  had  to  be  cared  for,  the  problem  of 
protecting  our  roa,ds  from  the  destructive  action  of  automobiles 
would  be  easily  solved.  When  a  road  is  subjected  to  any  con- 
siderable amount  of  heavy  teaming  traffic,  however,  the  heavily- 
loaded  steel-tired  wheel  and  the  iron-shod  horse's  hoofs  cut 
through  the  surface  mat  and  cause  rapid  disintegration.  If 
motor  traffic  is  equal  to  or  greater  than  the  horse-drawn  traffic, 
the  cuts  and  abrasions  of  the  bituminous  mat  caused  by  the 
latter  may  be  ironed  out  as  fast  as  formed  by  the  passage  of  soft 
rubber  tires,  but  where  the  conditions  are  reversed  the  injurious 
action  of  the  horse-drawn  traffic  is  soon  made  apparent,  espe- 
cially on  narrow  roads  during  cold,  rainy  weather.  In  order 
to  determine  what  material  is  best  suited  for  application  to  the 
surface  of  a  given  road  it  is  necessary  to  know  the  volume  of 
traffic  to  which  the  road  is  subjected  in  bad  weather;  the  pro- 
portion of  horse-drawn  to  motor  vehicles  during  bad  weather; 
and  the  character  of  both  classes  of  traffic  during  bad  weather. 
Under  certain  conditions  no  form  of  purely  surface  treatment 
will  prove  satisfactory.  In  such  cases  the  use  of  a  bituminous 
binder  during  construction  may  be  necessary. 

There  are  two  general  methods  of  constructing  bituminous 
macadam  roads  which  have  been  largely  followed  in  this  coun- 
try, one  known  as  the  penetration  method  and  the  other  as  the 
mixing  method.  In  both  it  is  usually  considered  sufficient  to 
incorporate  the  bitumen  with  only  the  upper  two  or  three  inches 
of  broken  stone  constituting  what  is  known  as  the  wearing 
course.  The  foundation  may  be  constructed  as  in  ordinary- 
macadam  work,  but  greater  attention  should  be  paid  to  making 
this  course  more  dense  and  less  subject  to  movement  under  traffic. 
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Many  failures  have  resulted  from  poor  foundations,  which  have 
been  wrongly  attributed  to  the  use  of  inferior  bitumens,  and  it 
is  the  author's  conviction  that  substitution  of  Portland  cement 
concrete  foundations  for  the  old  type  of  broken  stone  foundation 
will  prove  in  many  cases  the  most  satisfactory  and  ultimately 
economical  procedure. 

In  the  penetration  method  of  construction  the  wearing  course 
of  broken  stone  is  placed  upon  the  foundation  to  a  depth  of 
about  three  inches  and  partially  compacted  by  rolling  before  the 
bitumen  is  applied.  The  size  of  the  stones  should  vary  accord- 
ing to  the  type  of  rock  used.  For  a  hard  rock,  such  as  trap, 
material  varying  from  ij4  inches  to  ^  inch  in  diameter  is  suit- 
able, but  when  a  rather  soft  limestone  is  used  a  coarser  grade 
may  be  required.  After  the  stone  has  been  partially  compacted, 
hot  bitumen  is  distributed  over  the  road  at  the  rate  of  about 
iK  gallons  to  the  square  yard.  Clean  ^-inch  stone  chips  are 
then  spread  over  the  surface  in  sufficient  quantity  to  fill  the 
surface  voids  and  the  road  rolled  until  firm.  A  paint  coat  of  the 
hot  bitumen  should  then  be  applied  and  the  road  finished  off  by 
rolling  in  another  coat  of  screenings.  Application  of  the  hot 
bitumen  may  be  made  either  by  means  of  pouring  pots  or 
mechanical  distributers. 

In  the  mixing  method  the  wearing  course  of  crushed  rock 
is  mixed  with  the  proper  proportion  of  hot  bitumen  before  it  is 
placed  on  the  foundation.  Sometimes  the  aggregate  itself  is 
heated  before  mixing,  and  sometimes  it  is  used  cold.  The  mix- 
ing may  be  accomplished  either  by  hand  labor  or  by  machinery. 
After  the  bitumen-coated  stone  has  been  laid  to  the  desired 
depth  it  is  rolled  either  with  or  without  the  addition  of  a  thin 
layer  of  ^-inch  stone  chips  free  from  dust.  It  is  finished  ofif 
with  a  coat  of  bitumen  and  chips  as  in  the  penetration  method. 
But  little  attention  is  paid  to  grading  the  aggregate  which  is 
mixed,  and  usually  a  single  grade  of  ordinary  commercial! 
crushed  stone  is  used.  Mechanical  mixing,  when  properly  con- 
ducted, is  preferable  to  hand  mixing,  and  with  the  recent  develop- 
ment in  small  portable  mixers  which  warm  or  heat  the  stone 
before  mixing,  very  satisfactory  work  can  be  accomplished. 
Heating  the  stone  on  sheet-iron  plates  over  open  fires  has  proven 
to  be  bad  practice,  as  there  is  great  danger  of  overheating  a 
portion  of  the  stone  and  thus  ruining  the  bituminous  binder. 
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The  selection  of  a  suitable  binder  for  bituminous  macadam 
construction  is  a  most  important  matter,  requiring  some  skill 
and  judgment.  There  is  no  one  best  product  for  all  bituminous 
macadam  roads,  and  selection  must  be  governed  by  a  number 
of  conditions.  The  principal  factors  to  be  considered  are: 
(i)  the  physical  characteristics  of  the  stone  which  is  to  be  used; 
(2)  the  desired  method  of  applying  the  bituminous  binder,  i.e., 
whether  the  material  is  to  be  applied  cold  or  hot  and  by  means  of 
a  mechanical  distributer,  with  or  without  pressure,  by  pouring 
from  buckets,  or  as  a  prepared  mixture  with  the  road  material, 
and  in  the  latter  case  it  is  also  necessary  to  know  in  advance 
whether  or  not  the  stone  itself  is  to  be  heated;  (3)  the  quantity 
and  character  of  traffic  to  which  the  road  will  be  subjected; 
(4)  climatic  conditions;  (5)  the  cost  of  bituminous  material; 
and  (6)  the  probable  cost  of  application.  The  materials  from 
which  selection  may  be  made  are  oil  asphalts,  fluxed  native 
asphalts,  heavy  refined  coal  tars,  cut-back  oil  asphalts,  and  tar- 
asphalt  compounds.  When  the  type  of  material  is  finally  chosen, 
its  physical  and  chemical  properties  should  be  covered  by  specifi- 
cations. Sometimes  it  is  advisable  to  make  use  of  two  grades 
of  binder,  one  for  incorporation  in  the  body  of  a  road  and  one 
for  use  as  a  paint  coat.  Thus  under  certain  conditions  where 
horse-drawn  traffic  is  heavy  it  may  be  w^ll  to  use  a  heavy  refined 
tar  for  the  wearing  course  and  an  oil  asphalt  for  a  paint  coat. 
High  carbon  tars  should  never  be  used  for  paint  coats,  and  fluid 
cut-back  products,  as  well  as  certain  grades  of  oil  asphalts,  are 
also  unsatisfactory  for  this  purpose,  where  horse-drawn  traffic 
is  heavy. 

Bituminous  concrete  pavements  in  many  respects  resemble 
the  bituminous  macadam  built  according  to  the  mixing  method. 
The  aggregate  composing  the  wearing  course  is,  however,  more 
carefully  graded  so  as  to  increase  its  density  to  a  considerable 
extent  and  reduce  the  voids  upon  compaction.  At  least  two 
sizes  of  commercial  crushed  rock  are  used,  or  else  a  single  size  is 
combined  with  sand  in  such  proportions  that  the  desired  result 
is  secured.  The  aggregate  is  almost  always  heated  before  mix- 
ing it  with  the  bituminous  binder,  and  the  binder  is  usually  of 
semi-solid  consistency,  approaching  that  of  asphalt  cements  such 
as  are  used  in  the  construction  of  sheet  asphalt  pavements.  When 
these  refinements  of  construction  are  employed  in  the  prepara- 
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tion  of  the  wearing  surface  much  care  should  be  exercised  in 
preparing  a  suitable  foundation,  for  the  failure  of  a  foundation 
in  such  pavements  is  apt  to  prove  costly.  Portland  cement  con- 
crete should  be  employed  in  most  instances.  Such  wide  varia- 
tions exist  in  the  specific  gravity  of  both  aggregates  and  bitu- 
mens which  may  be  used  in  this  type  of  pavement  that  it  is  never 
safe  to  rely  on  weight  relations  in  proportioning  the  constituents 
unless  their  volume  relations  are  first  ascertained.  The  actual 
bitumen  content  of  the  bituminous  binder  should  also  be  taken 
into  account  when  preparing  the  mix.  These  points  may  be 
illustrated  by  considering  what  the  volume  relation  between 
bitumen  and  aggregate  would  be  for  two  possible  mixtures  con- 
taining six  per  cent,  by  weight  of  bituminous  binder.  Thus 
the  combination  of  a  blown  oil  asphalt,  reinforced  w^ith  Gilson- 
ite,  with  an  aggregate  of  high  gravity  might  amount  to  26  gallons 
of  bitumen  per  cubic  yard  of  aggregate,  while  the  combination  of 
a  heavy,  refined  coal  tar  with  an  aggregate  of  low  specific  gravity 
might  amount  to  only  12  gallons  of  bitumen  per  cubic  yard  of 
aggregate. 

The  construction  of  sheet  asphalt  pavements  requires  perhaps 
more  careful  inspection  of  materials  than  any  other  type  of 
road  or  pavement  so  far  considered.  While  in  the  bituminous 
macadam  and  bituminous  concrete  construction  bitumens  with  a 
wide  range  of  consistency  may  be  satisfactorily  employed  if 
properly  selected,  the  same  is  not  true  of  sheet  asphalt.  The 
reason  for  this  lies  in  the  fact  that  the  aggregate  of  the  former 
possesses  considerable  inherent  stability,  and  without  a  binder  of 
any  sort  would  suffer  comparatively  slight  displacement  under 
localized  compression  if  first  properly  compacted.  The  wearing 
surface  of  a  sheet  asphalt  pavement,  on  the  other  hand,  consists 
of  a  finely-divided  aggregate  which  is  largely  dependent  upon 
the  bituminous  binder,  so  far  as  its  resistance  to  displacement 
under  pressure  is  concerned. 

The  most  common  type  of  sheet  asphalt  pavement  consists 
of  three  courses :  ( i )  a  Portland  cement  concrete  foundation. 
(2)  an  intermediate  course  of  crushed  rock  mixed  with  a  bitu- 
minous binder  known  as  the  binder  course,  and  (3)  a  wearing 
course  composed  of  a  mixture  of  sand,  limestone  dust  or  Port- 
land cement  and  an  asphalt  cement  or  oil  asphalt.  Various 
modifications  of  construction  are  allowable  under  certain  con- 


360  Prevost   Hubbard. 

ditions.  Thus  a  well-compacted  old  macadam  road  or  an  old 
stone  block  pavement  may  sometimes  b*e  made  to  serve  as  a 
foundation.  Where  traffic  is  light  the  binder  course  is  some- 
times omitted,  and  the  wearing  course  is  placed  directly  upon  a 
concrete  foundation.  When  the  binder  course  is  used  it  may 
be  either  of  the  open  or  closed  type,  and  so  on.  It  is  hardly  pos- 
sible, in  the  present  paper,  to  consider  the  relative  merits  of  all 
of  the  modifications  of  construction  which  may  be  enumerated. 
The  wearing  course  may,  however,  be  briefly  discussed. 

In  the  first  place,  it  is  absolutely  essential  that  the  aggregate 
of  the  wearing  course  be  carefully  graded  so  as  to  produce  under 
compaction  a  dense  mass  as  free  as  possible  from  voids.  This  is 
a  matter  which  requires  the  most  constant  supervision,  owing 
to  unavoidable  variations  in  different  lots  of  sand  obtained  from 
the  same  source.  Sometimes  it  is  necessary  to  combine  two  or 
more  sands  in  order  to  obtain  the  proper  grading,  and  the  pro- 
portion of  limestone  dust  or  Portland  cement  which  serves  as  a 
filler  must  be  increased  or  decreased  according  to  variations  in 
the  sand.  The  proportion  of  bitumen  which  is  added  must  also 
be  watched,  and  frequent  examinations  of  the  mix  must  be 
made  to  determine  if  the  proportions  have  been  correctly  made. 
The  physical  and  chemical  characteristics  of  the  asphalt  cement 
must  also  be  kept  under  perfect  control,  and  this  can  only  be  done 
by  constant  and  expert  inspection.  Innumerable  costly  failures 
have  resulted  from  a  lack  of  such  inspection. 

The  preparation  of  an  asphalt  surface  mixture  or  topping, 
as  it  is  more  often  called,  is  carried  on  at  an  asphalt  plant.  Quite 
frequently  the  asphalt  cement  is  also  prepared  here  by  fluxing 
a  refined  native  asphalt  with  a  petroleum  residuum  flux.  The 
asphalt  is  first  melted  in  a  specially-constructed  melting  tank, 
preferably  heated  by  steam  and  equipped  with  perforated  pipes 
for  air  agitation.  The  proper  proportion  of  hot  flux,  which  has 
previously  been  determined,  is  then  run  into  the  melted  asphalt 
and  the  two  thoroughly  mixed  until  a  homogeneous  product 
has  been  prepared.  The  consistency  of  the  asphalt  cement  is 
then  determined  to  see  that  it  is  suitable  for  the  work  to  be  done. 
If  satisfactory  it  is  ready  to  be  mixed  with  the  mineral  aggregate. 
This  aggregate,  composed  of  a  mixture  of  selected  sand,  is  first 
dried  and  heated  in  a  revolving  cylindrical  drum,  from  which 
it  is  discharged  and  conveyed  to  the  mixer  after  adding  the 
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proper  proportion  of  filler.  Here  a  batch  is  measured  out  and 
run  into  the  mixer,  after  which  the  proper  amount  of  the  melted 
asphalt  cement  is  added  and  thoroughly  mixed  with  the  aggre- 
gate by  means  of  two  sets  of  revolving  metal  blades  operating 
in  opposite  directions.  At  all  stages  of  the  mixing  process  it  is 
necessary  to  control  carefully  the  temperature  of  both  bitumen 
and  aggregate  so  as  not  to  harden  or  otherwise  injure  the  for- 
mer. The  prepared  mix  must,  however,  be  sufficiently  hot  to 
be  readily  spread  upon  the  street,  where  it  is  laid  to  the  required 
depth  and  compacted  by  means  of  a  tandem  roller. 

Little  need  be  said  in  the  present  paper  regarding  asphalt 
block  or  creosoted  wood  block.  The  former  is  composed  of  a 
mixture  somewhat  similar  to  the  sheet  asphalt  topping,  but  con- 
taining crushed  rock,  a  portion  of  which  is  considerably  coarser 
than  the  coarsest  sand  of  an  asphalt  topping.  The  bitumen  is 
also  of  harder  consistency  and  the  mixture  is  subjected  to  con- 
siderable pressure  in  order  to  produce  a  block  which  will  withstand 
handling  and  transportation  without  breaking.  Creosoted  wood 
blocks  are  usually  made  from  long-leaf  yellow  pine  or  Douglas  fir. 
They  are  first  sterilized  by  steaming,  then  placed  in  a  partial 
vacuum  to  remove  the  moisture  and  gases  which  they  may  contain, 
after  which  the  desired  amount  of  creosoting  oil  is  forced  into 
them  under  pressure.  The  proper  grade  and  character  of  creosot- 
ing oils  suitable  for  wood-block  treatment  is  at  present  an  open 
question  among  engineers  and  chemists,  some  preferring  a  pure 
coal-tar  distillate  and  others  claiming  that  the  presence  of  a  small 
amount  of  residue  in  the  distillate  is  a  rather  desirable  feature. 
Lack  of  knowledge  on  the  part  of  engineers  regarding  the  char- 
acteristic properties  of  distillates  and  residues  has  often  resulted 
in  the  preparation  of  specifications  conformity  with  which  would 
make  it  impossible  to  supply  the  product  called  for.  Thus  speci- 
fications stating  that  the  oil  must  be  a  pure  distillate  are  often 
drawn  up  in  such  form  that  all  pure  distillates  are  excluded  and 
only  mixtures  of  distillates  and  residues  can  be  made  to  fulfil 
the  various  clauses  of  the  specifications. 

So  much  has  been  said  concerning  the  necessity  for  expert 
inspection  of  materials  used  in  bituminous  road  and  paving  work 
that  a  brief  description  of  some  of  the  more  common  laboratory 
methods  of  examination  may  not  be  out  of  place.  There  are 
four  main  purposes  for  which  bitumens  may  be  used  in  highway 
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treatment  or  construction:  (i)  as  dust  preventives,  (2)  as 
binders  for  coarse  aggregates,  (3)  as  binders  for  fine  aggregates, 
and  (4)  as  preservatives.  The  method  of  examination  should 
be  varied  according  to  the  type  of  material  and  the  purpose 
for  and  manner  in  which  it  is  to  be  used.  The  more  common 
tests  may  be  divided  into  six  groups:  (i)  specific  gravity; 
(2)  consistency;  (3)  flash  point,  volatilization,  and  distillation; 
(4)  total  bitumen;  (5)  the  action  of  selective  solvents,  and 
(6)  miscellaneous.  The  first  of  these  need  not  be  discussed 
other  than  to  state  that  the  specific  gravity  of  a  material  is  often 
a  valuable  means  of  identifying  it  when  taken  in  connection  with 
certain  other  tests. 

There  are  five  commonly  used  tests  for  determining  the 
consistency  of  bitumens:  (i)  viscosity,  (2)  float  test,  (3) 
penetration  test,  (4)  ductility,  and  (5)  melting  point.  The  vis- 
cosity test  is  applied  to  fluid  bitumens  and  usually  consists  in 
determining  the  length  of  time  required  for  a  measured  volume 
of  the  material  to  flow  through  a  tube  of  known  diameter  and 
length  under  standard  conditions  of  temperature  and  pressure. 
The  results  are  expressed  in  terms  of  the  viscosity  of  water 
under  the  same  conditions,  or  as  specific  viscosity.  The  float 
test  is  a  measure  of  the  time  required  for  a  plug  of  the  bitumen 
tO'  soften  sufficiently  to  allow  water  to  displace  it  when  floated 
on  water  maintained  at  a  given  temperature.  The  water  thus 
gains  entrance  to  the  float  apparatus  and  causes  it  to  sink.  The 
penetration  test  is  made  by  noting  the  distance  that  a  No,  2 
cambric  needle  penetrates  into  the  sample  of  bitumen,  vertically, 
without  friction  under  a  stated  weight  applied  for  a  stated  length 
of  time,  the  sample  being  maintained  at  a  given  temperature. 
The  ductility  test  is  a  measure  of  the  distance  a  standard  test 
specimen  of  the  bitumen,  having  a  minimum  cross  section  of  one 
square  centimetre,  will  stretch  without  breaking  when  the  speci- 
men is  pulled  apart  at  the  rate  of  five  centimetres  per  minute. 
The  so-called  melting-point  determination  is  made  according  to 
various  methods,  the  object  being  to  determine  the  temperature 
at  which  semi-solid  or  solid  bitumens  soften  sufficiently  to  flow. 

A  determination  of  the  flash  point  is  useful  in  the  examina- 
tion of  bituminous  materials  which  contain  any  considerable 
amount  oi  volatile  products.  The  quantitative  determinations  of 
constituents  volatile  at  certain  temperatures  to  which  the  bitu- 
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mens  may  be  raised  during  application  is  also  of  importance  in 
order  to  ascertain  what  changes,  if  any,  may  be  expected  to  take 
place  in  the  material  during  application.  Residues  obtained  from 
volatilization  tests  are  therefore  often  examined  for  comparison 
with  the  material  from  which  they  are  derived.  Distillation 
tests  are  in  a  miniature  way  conducted  according  to  the  methods 
of  fractional  distillation  employed  in  the  manufacture  of  bitu- 
minous road  materials,  and  a  quantitative  determination  is  made 
of  the  various  distillates  and  the  residues  so  obtained. 

The  determination  of  total  bitumen  is  made  by  digesting  a 
weighed  sample  of  the  material  with  carbon  disulphide,  which 
dissolves  the  bitumen.  Any  material  not  dissolved  is  then  filtered 
off  and  weighed,  -the  difference  between  the  two  weights  giving 
the  amount  of  total  bitumen.  The  action  of  certain  selective 
solvents,  such  as  carbon  tetrachloride,  acetone,  dimethyl  sulphate, 
and  petroleum  naphthas,  often  gives  valuable  information  con- 
cerning the  characteristics  of  bituminous  materials.  These 
solvents  do  not  necessarily  dissolve  all  of  the  bitumen  present, 
and  a  separation  of  certain  constituents  can  therefore  often  be 
made  by  their  use.  Many  other  tests  are  also  employed  in  the 
examination  of  bituminous  road  and  paving  materials  which 
need  not  be  mentioned  in  this  paper,  as  it  is  impossible  to  describe 
them  and  discuss  their  application  without  entering  into  great 
detail. 

In  conclusion,  it  may  be  said  that  the  examination  of  bitu- 
minous road  and  paving  materials  may  be  made  for  the  purpose 
of  identification,  control  during  manufacture,  ascertaining 
whether  or  not  they  conform  to  specifications,  and  for  research 
investigations.  When  these  materials  are  purchased  under 
specifications,  the  necessity  for  systematic  and  careful  sampling 
and  the  examination  of  every  shipment  cannot  be  overestimated, 
owing  to  considerable  variations  which  are,  at  the  present  time, 
of  common  occurrence.  The  preparation  of  specifications  for 
bituminous  materials  is  a  matter  which  should  be  handled  by 
those  familiar  with  their  characteristics  and  value  for  different 
types  of  construction  under  different  conditions,  or  else  the 
specifications  are  apt  to  be  not  only  worthless  but  so  worded 
as  to  defeat  the  object  of  the  party  by  whom  they  are  prepared. 
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Writing  on  Blue  Prints.  Anon.  (Amer.  Mach.,  xxxv,  18, 
848.) — There  are  several  methods  of  writing  in  white  on  blue 
prints.  Commercial  white  ink  can  be  used,  or  a  solution  of  "  Chi- 
nese white  "  in  water,  mixed  to  the  desired  consistency,  or  a  bleach 
or  a  solution  of  soda.  (Probably  "chlorinated  soda"  is  meant.) 
Ammonia  water  can  be  used,  but  is  too  thin  to  work  well.  Some- 
times a  few  drops  of  bright  red  drawing  ink  are  added  to  the  solu- 
tion, which  makes  pink  marks  and  lines  and  shows  plainly  that 
changes  or  additions  have  been  made  to  the  print.  To  bleach  a 
brown  negative  print,  a  solution  of  mercury  bichromate  or  mercury 
bichloride  works  well.  The  strength  to  be  used  varies  according  to 
the  intensity  of  the  print. 

Aluminum  in  Brass  Alloys.  Anon.  {Amer.  Mach.,  xxxvi,  2, 
64.) — Aluminum  should  not  be  used  in  brass  or  bronze  alloys,  for, 
although  it  is  a  deoxidizer,  it  has  a  bad  effect,  as  aluminum  oxide 
does  not  seem  to  free  itself  readily  from  the  metal.  Phosphor-tin  or 
phosphor-copper  is  a  better  deoxidizer.  The  best  way  to  keep  metal 
clean  is  to  prevent  it  becoming  foul ;  that  is,  to  melt  all  alloys  under 
an  ample  cover  of  charcoal  or  to  use  a  little  flux  in  each  pot.  The 
flux  or  charcoal  must  be  skimmed  off  before  pouring  the  metal. 

Decomposition  of  Nitric  Acid  by  Light.  W.  C.  Reynolds 
and  W.  H.  Taylor.  (Cheiii.  Soc.  Proc,  xxvii,  306.) — On  investi- 
gating the  decomposition  of  nitric  acid  by  light,  it  is  found  that 
the  reaction  is  reversible ;  the  products  of  decomposition  slowly 
recombine  more  or  less  completely  in  the  absence  of  light.  It  is 
proved  that  pure  anhydrous  nitric  acid  decomposes  very  slowly  in 
the  dark,  giving  the  same  products  of  decomposition.  Mr.  V.  H. 
Veley  says  that  the  observation  that  the  reaction,  4HNO3  =  2H2O 
-j-  2N2O4  -|-  O2,  is  reversible  on  alteration  of  conditions  is  of  special 
interest,  and  is  in  accordance  with  the  results  obtained  in  the  study 
of  other  reactions  in  which  nitric  acid  took  part.  The  extent  of  the 
decomposition  and  recombination  is  illustrated  by  a  series  of  curv^es. 

A  New  Malleable  Copper  Alloy.  Anon.  {Metal  Ind.,  x,  i, 
6.) — This  new  alloy  is  known  as  "  Ogala  "  metal,  and  has  many 
good  properties  in  the  line  of  malleability  and  ease  of  casting.  At 
red  heat  it  is  highly  malleable,  is  very  hard  and  tough,  but  gives 
no  difficulty  in  working.  Its  hardness  and  toughness  increase  up 
to  a  certain  degree,  the  longer  it  is  worked  under  the  hammer  or 
the  rolls.  At  red  heat  it  may  be  rolled  to  the  thinnest  sheets.  It 
is  of  very  low  specific  gravity.  It  melts  between  950°  and  1000° 
C.  Its  shrinkage  in  casting  is  only  from  0.2  to  i  per  cent.  With 
care  it  can  be  cast.  It  is  melted  in  graphite  crucibles  and  poured 
quite  hot.  During  the  melt  it  should  be  well  stirred,  and  covered 
with  charcoal  powder  to  prevent  loss.  It  is  made  by  Louis  Ebbing- 
haus,  in  Hohenlimburg,  Westphalia. 
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(  Closure  by  the  Author.) 

Nothing  but  ingratitude  could  possibly  prevent  my  first 
utterance  being  an  acknowledgment  of  the  very  complimentary 
manner  in  which  my  paper  has  been  received  and  discussed,  and 
I  wish  to  express  my  thanks  to  all  concerned. 

Those  interested  in  the  management  of  railway  properties 
have,  I  trust,  had  an  opportunity  to  get  the  benefit  of  the  views 
on  both  theoretical  and  practical  sides  of  the  question,  and  it 
only  remains  for  me  to  review  the  remarks  of  the  different 
gentlemen  who  so  kindly  took  active  part  in  or  otherwise  con- 
tributed to  the  discussion  of  my  paper. 

Mr.  F,  H.  Clark,  To  my  mind,  the  two  salient  points  in 
Mr.  Clark's  remarks  cover  the  question  very  nicely  and  strongly 
endorse  my  position  throughout. 

It  might  be  stated  that  the  Baltimore  and  Ohio  Railroad,  of 
which  Mr.  Clark  is  an  officer,  has  an  earning  capacity  of  about 
$90,000,000  a  year.  Under  a  very  able  and  aggressive  manage- 
ment, the  road  is  being  systematically  rehabilitated  to  increase  its 
efficiency  as  an  operating  unit.  In  Mr.  Clark's  own  field  of 
activity — that  of  Maintenance  of  Equipment — the  expenditures 
last  year  amounted  to  more  than  $16,000,000,  which  sum  was 
this  year  reduced  by  about  $492,000. 

Mr.  S.  M.  Vauclain.  I  am  not  surprised  that  Mr.  Vauclain 
cannot  endorse  in  his  remarks  either  the  attitude  of  those  who 
so  severely  criticise  our  railway  managers  or  the  methods  of 
relief  they  propose,  especially  as  I  have  already  had  occasion  to 
make  a  study  of  the  plan  of  organization,  and  the  degree  of  effi- 
ciency resulting  therefrom  in  the  plant  with  which  this  gentle- 
man is  connected. 

With  respect  to  the  isolated  location  of  many  of  the  repair 
points  on  the  Santa  Fe,  as  compared  with  other  lines,  I  would 
reply  that  my  analysis  of  this  same  subject  under  the  sub-heading 
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of  "  Unit  Costs  Itemized  "  (see  Emerson)  enables  a  comparison 
of  cost  supervision  of  Mechanical  Department  to  be  drawn  be- 
tween the  Great  Northern — practically  a  mountain  road — and  the 
Santa  Fe.  The  Great  Northern  has  a  greater  number  of  Mallet 
engines  than  any  other  railway  in  America,  if  not  in  the  world. 
It  has  an  average  of  one  locomotive  to  ever)^  6.46  miles,  while 
the  Santa  Fe  has  one  locomotive  to  every  5.12  miles.  In  other 
words,  the  Great  Northern's  equipment  is  more  scattered  than 
that  of  the  Santa  Fe  by  24.6  per  cent.,  while  the  cost  for  super- 
vision of  the  Mechanical  Department  on  the  Great  Northern  is 
$23.10  per  mile,  as  compared  with  $53.66  per  mile  on  the  Santa 
Fe,  a  figure  132.29  per  cent,  higher. 

Mr.  Vauclain  also  calls  attention  to  the  greatly  increased  size 
of  locomotives  on  the  Santa  Fe  road.  It  is  true  that  this  line, 
like  many  others,  has  purchased  many  new  locomotives  having 
two  or  three,  and  in  some  cases  four  or  five,  times  the  tractive 
power  of  some  of  their  old  light  engines  still  retained  in  service. 
Actual  figures  indicate  that  the  average  tractive  power  of  all 
engines  in  1900  was  a  little  over  16,000  pounds,  while  in  1910 
it  was  29,803  pounds.  In  connection  with  these  figures  it  should, 
however,  be  borne  in  mind  that  the  company  still  owns  and  oper- 
ates over  a  thousand  medium  or  light-weight  locomotives,  many 
of  which  were  owned  and  operated  in  or  prior  to  1900,  and  that 
these  engines  suffer  an  actual  reduction  of  effective  tractive  power 
due  to  their  boiler  pressures  being  gradually  reduced  on  account 
of  age.  These  locomotives,  too,  are  now  being  used  in  lighter 
service,  on  branch  runs,  and  on  less  important  trains,  etc.,  hence 
their  cost  of  maintenance  should  really  be  less  now  than  when 
they  were  in  the  heavier  service.  This  fact,  taken  into  considera- 
tion with  the  increased  size  of  new  locomotives  on  all  other  trunk 
line  railways  besides  the  Santa  Fe,  should  bring  the  relative  cost 
per  engine  mile  on  this  road  to  about  the  same  as  that  on  other 
roads. 

An  examination  of  the  table  on  page  381,  giving  the  average 
diameter  of  cylinder  in  inches  and  the  cost  per  inch  of  cylinder 
diameter  in  dollars  on  twelve  railways  running  west  from  Chi- 
cago, will  indicate  that  on  this  basis  there  is  only  one  line  showing 
a  higher  cost  than  the  Santa  Fe.  This  line,  moreover,  does  not 
extend  across  the  Mississippi  Valley  to  the  labor  and  material 
markets  of  St.  Louis  and  Chicago,  but  is  confined  to  an  entirely 
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mountainous  country  where  the  maximum  prices  for  labor  and 
material  obtain. 

The  point  of  speed,  also  included  in  Mr.  Vauclain's  criticism, 
applies  to  all  transcontinental  or  trunk  lines,  and  consequently 
affects  the  cost  of  maintenance  of  each  to  the  same  degree. 

The  comparative  figures  of  costs,  etc.,  presented  in  my  paper 
were  taken  from  the  companies'  annual  reports,  or  their  sworn 
statements  to  the  Interstate  Commerce  Commission,  and,  except 
for  any  error  that  may  have  been  introduced  in  calculating  per- 
centages or  copying,  are  a  correct  representation  of  actual  facts  or 
conditions. 

^Ir.  E.  L.  Conrad.  The  purpose  of  my  rather  extensive  dis- 
play of  statistics  was  to  endeavor  to  show  that  there  was  no  sub- 
stantial reduction  made  in  repair  costs  of  the  Santa  Fe  system 
during  the  Emerson  period,  and  ^Ir.  Conrad,  in  his  remarks, 
brief  but  well-chosen,  has  stated  that  this  fact  is  true. 

Coming  from  a  gentleman  who  is  personally  familiar  with 
every  item  of  expense  I  have  quoted,  and  who,  on  analyzing  these 
items,  would  readily  bring  forth  his  criticism  if  warranted,  his 
statement  I  consider  to  be  a  strong  endorsement  of  my  paper. 

Mr.  Walter  V.  Turner.  The  fact  that  the  Westinghouse 
Air  Brake  Company,  like  the  Baldwin  Locomotive  A\^orks,  is 
operating  on  a  highly  efficient  and  most  successful  commercial 
basis,  without  any  of  the  proposed  Scientific  ^Management 
schemes  to  which  this  paper  is  addressed,  and  that  the  prominent 
officers  of  these  manufacturing  plants  frankly  style  the  term  a 
misnomer,  or,  as  Mr.  Turner  puts  it,  a  "  premium  on  bad  work," 
constitute  a  ver\'  strong  endorsement  of  my  estimate  that  the  plan 
might  be  applied  to  something  less  than  three  per  cent,  of  rail- 
way operation. 

]Mr.  Turner,  having  been  on  the  Santa  Fe  road  when  the 
system  was  inaugurated,  undoubtedly  had  full  opportunity  to 
observ'e  the  personal  workings  of  Mr.  Emerson's  Scientific  Man- 
agement plans,  and  I  consider  his  opinion  of  more  than  ordinary 
importance  in  connection  with  this  subject. 

Mr.  G.  R.  Henderson.  It  appears  to  me  that  Mr.  Hender- 
son's criticism  of  "  saving  at  the  spigot  and  leaking  at  the 
bung  "  is  not  only  a  strong  endorsement  of  my  paper,  but  is  tem- 
pered with  much  charity  towards  those  who  so  openly  accuse 
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railway  managers  of  inefficiency  and  have  made  such  a  dismal 
failure  in  trying  to  support  the  unwarranted  charge  of  their 
own  proposed  remedies. 

Mr.  George  J.  Burns.  Mr.  Burns's  remarks  being  quite 
clear  and  consistent  with  the  subject  to  which  my  paper  was  ad- 
dressed, there  is  really  not  much  for  me  to  say  in  reply  to  them. 

It  is  at  once  evident  that  Mr.  Burns's  long-extended  and  suc- 
cessful experience  in  shop  management,  handling  men  and 
machines,  to  obtain  a  fair  average  output  from  both,  has  greatly 
influenced  his  opinion  of  "  scientific  managers "  and  theorists 
who  have  never  been  able  to  solve  the  "  human  equation." 

Mr.  Burns  clearly  defines  the  popular  understanding  of  the 
term  "  Scientific  Management,"  and  proves  conclusively  that  this 
is  erroneous,  and  that  by  commanding  the  best  natural  ability  and 
by  assimilating  outside  suggestions  the  railroads  are,  and  have 
been  all  along,  actually  applying  the  real  system. 

Mr.  B.  B.  Milner.  In  his  discussion  Mr.  Milner  has  brought 
out  some  interesting  and  valuable  points,  and  has  submitted  notes 
on  "  Increasing  Operating  Efficiency,"  which  contain  many  use- 
ful suggestions. 

I  contend,  however,  in  opposition  to  Mr.  Milner's  observations 
on  the  interpretation  of  the  term  "  Scientific  Management,"  that 
there  can  be  no  question  as  to  the  employment  of  the  ablest  men 
known  in  the  solution  of  the  problems  under  consideration,  with 
the  view  of  securing  maximum  efficiency  in  railroad  operation; 
also,  I  hold  that  such  talent  is  the  embodiment  of  engineering 
principles  on  the  broadest  lines. 

On  page  10  of  my  paper  I  stated :  "  The  estimated  probable 
economies  from  this  new  plan  in  railroad  operation  will  be  con- 
fined to  such  branches  as  in  my  judgment  are  susceptible  of  being 
placed  on  a  comparative  basis  with  large  manufacturers  of  stand- 
ard articles."  It  should  be  clear  from  this  as  to  what  is  the 
interpretation  and  scope  of  the  plan. 

Further,  in  the  matter  of  the  percentage  of  railway  employees 
to  whom  the  system  (even  in  a  modified  form)  would  apply,  I 
state  most  emphatically  that  about  12  per  cent,  of  the  48,000 
machinists  and  5  per  cent,  of  the  195,000  other  shopmen,  who  are 
engaged  on  a  regularly  fixed  class  of  work  in  the  large  general 
shops,  could  work  under  it.     In  other  words,  the  fraction  of 
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men  affected  by  it  would  be  .008,  or  eight-tenths  of  one  per  cent., 
of  the  whole.  This  is  probably  about  the  figure,  but,  to  be  more 
liberal,  in  my  paper  I  calculated  the  percentage  on  practically 
double  the  number  of  shop  and  mechanical  employees  and  added 
the  5,867  telegraph  operators.  Estimating  the  economies  at  15 
per  cent.,  I  therefore  obtained  the  figure  .0289. 

Although  I  stand  committed  to  the  recognition  and  employ- 
ment of  the  ablest  talent  in  the  railway  or  engineering  field,  the 
fact  that  I  estimate  that  less  than  3  per  cent,  of  the  carrier's 
employees  can  be  put  on  a  comparative  basis  with  those  employed 
in  mills,  shops,  factories,  and  other  manufacturing  plants,  must 
not  be  construed  that  I  regard  all  of  the  remaining  97  per  cent, 
as  being  up  to  the  standard  of  efficiency  or  even  a  good  maxi- 
mum average. 

The  question  under  discussion  is,  however,  so  clearly  defined 
on  the  title  page  of  my  paper  and  elsewhere  throughout,  and  the 
kind  of  Scientific  Management  has  been  so  clearly  outlined  in 
the  publications  mentioned,  that  there  should  be  nO'  doubt  in  the 
mind  of  anyone  familiar  with  railway  operation  just  how  far 
this  plan  could  be  advantageously  applied,  and.  in  order  to  comply 
with  the  text,  this  must,  of  necessity,  be  aside  from  economies 
through  otlier  channels. 

I  have  estimated  that  the  term  applies  to  less  than  3  per  cent., 
and  I  regard  it  as  more  than  probable  that  this  figure  could  be 
reduced.  If  others  estimated  16,  25.  50,  75  per  cent.,  or  even 
"  Our  "  railways,  which  means  100  per  cent.,  should  be  managed 
by  this  scheme,  as  the  prosecution,  principal  witness,  and  almost 
the  entire  press  claimed,  in  the  case  referred  to.  could  and  should 
be  done,  it  remains  for  such  claims  to  be  substantiated. 

Prof.  William  J.  Cunningham.  I  have  already  read  Pro- 
fessor Cunningham's  article  in  the  Quarterly  Journal  of  Econom- 
ics, and  I  consider  it  as  containing  much  that  is  of  value  to  the 
practical  railroad  man  and  to  anyone  interested  in  railroad  prob- 
lems. To  me  the  article  is  an  exposition  of  the  fallacious  claims 
of  savings  made  on  the  Santa  Fe  system. 

In  reply  to  Professor  Cunningham's  remarks.  I  might  say 
that  there  are  manv  items  of  expense  on  a  railway  that,  though 
seemingly  extravagant,  may  represent  an  integral  part  of  the  cost 
of  a  certain  operation  in  itself  highly  efficient.     The  theor}^  of 
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Scientific  Management  as  presented  by  its  advocates  would  result 
in  a  levelling  or  evening  process  by  establishing  unit  costs  which 
would  obtain  throughout.  From  the  point  of  view  of  a  railroad 
man,  the  theory  would  therefore  be  entirely  inapplicable  to  such 
items,  although  apparently  not  so  to  one  outside. 

The  attitude  of  railway  managers  and  their  efficiency  en- 
gineers or  experts  is  not,  as  is  generally  supposed,  one  of  hostility 
toward  anything  that  will  result  in  more  economical  operation. 
In  fact,  these  men  are  not  only  open  to  receive  and  embrace  such 
plans  or  methods,  but  are  actually  seeking  them.  At  the  same 
time,  however,  they  are  very  properly  guarding  the  property  in 
their  charge  from  the  adverse  effects  of  experimental  schemes 
that  would  tend  to  either  injure  or  destroy  their  organization 
and  affect  their  earnings.  Many  of  the  plans  for  saving  great 
sums  to  the  railway  companies  that  are  perfectly  feasible  from  a 
theoretical  stand-point  are  known  to  be  impracticable  by  the  men 
in  charge  of  railways,  and  these  men,  therefore,  very  properly 
decline  to  allow  their  organizations — and  consequently  their  ser- 
vice to  the  public — or  the  company's  earnings  to  be  interfered 
with  or  jeopardized,  and  the  penalty  of  their  foresight  and  loyalty 
to  their  employing  companies  is  not  infrequently  the  bitterest 
criticism. 

I  feel  sure  that  Professor  Cunningham  and  others  who  possess 
a  broad  and  liberal  knowledge  of  railway  affairs  in  general  will 
agree  that  the  men  who  have  devoted  their  lives  to  the  various 
phases  or  branches  of  railway  operation  are  the  men  best  able  to 
judge  as  to  what  methods  should  be  employed  in  effecting 
economies. 

Two  or  three  conclusions  drawn  by  Professor  Cunningham  in 
his  paper  already  mentioned  I  would  refer  to  as  having  a  special 
bearing  on  the  subject  under  consideration  in  my  paper. 

Speaking  of  Mr.  Emerson's  claims  of  the  millions  saved  on 
the  Santa  Fe  by  the  adoption  of  his  "  Scientific  Management  " 
plan.  Professor  Cunningham  says : 

"  In  the  first  place,  the  new  system  was  introduced  in  the  Santa 
Fe  shops  just  after  the  collapse  of  a  lengthy  strike  of  machinists. 
Shop  forces  were  demoralized  and  maintenance  costs  abnormally 
high,  because  of  the  inevitable  employment  of  incompetent  men  to 
take  the  place  of  the  strikers.  A  return  to  normal  conditions  under 
any  system  would  have  shown  a  marked  improvement  when  results 
were  compared  with  the  former  abnormal  period." 
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Further : 

'■  Mr.  Emerson's  usual  method  of  expressing  the  expense  of 
locomotive  maintenance  is  in  cost  per  '  Road  Unit.'  This  is  an 
unusual  and  misleading  average,  because  it  includes  the  weight  of 
the  locomotive  as  a  factor  and  assumes  that  the  repair  cost  varies 
directly  with  the  weight — which  assumption  is  not  entirely  correct. 
In  this  case,  Mr.  Emerson's  '  Road  Unit '  gave  a  favorable  showing 
to  the  new  system  because  of  the  purchase  of  a  large  number  of 
new  and  heavy  engines." 

Thirdly : 

■'  Since  the  Santa  Fe  experiment  lacks  convincing  proof,  the 
railroad  managers  are  forced  to  turn  to  industrial  or  manufacturing 
concerns  to  learn  of  the  merits  of  '  Scientific  Management.' " 

Professor  Cunningham's  conclusions  may  therefore  be 
analyzed   as    follows : — 

Mr.  Emerson  did  not  reduce  the  cost  of  repairs  to  locomo- 
tives from  $4,165  to  $3,016  per  year,  as  claimed — this  reduc- 
tion being  simply  due  to  a  return  to  normal  conditions,  following 
an  expensive  strike. 

Mr.  Emerson's  "  Road  Unit."  on  which  he  bases  his  econo- 
mies, is  unusual  and  misleading. 

Finally,  Professor  Cunningham  says  that  the  efficiency  or 
Scientific  ^Management  experts  must  "  lay  less  stress  on  system, 
dependent  sequences,  etc.,  and  acquire  more  knowledge  of  prac- 
tical railroad  problems,"  with  all  of  which  I  concur,  since  it 
constitutes  a  strong  endorsement  of  my  position  throughout. 

Dr.  Angus  Sinclair.  Dr.  Sinclair's  reference  to  the  general 
attitude  of  workmen  in  American  railway  shops  and  the  prob- 
able effect  on  them  of  the  so-called  Scientific  ^Management  plan 
brings  prominently  into  view  a  question  that  has  been  given  lit- 
tle, if  any,  attention  by  the  majority  of  persons  who  have  written 
and  said  much  about  this  system. 

This  feature,  however,  which  I  term  the  "  human  equation," 
is  specially  referred  to  in  the  conclusions  on  page  43  of  my  paper. 
It  becomes  of  great  importance  when  the  fact  is  borne  in  mind 
that,  even  under  present  conditions,  it  is  almost  impossible  to 
secure  a  sufficient  number  of  men  of  the  various  classes  to  handle 
railway  work.  Owing  to  fluctuations  in  traffic,  it  not  infrequently 
occurs  that  the  maintenance  of  equipment  or  movement  of  trains 
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is  considerably  interfered  with  on  account  of  inability  to  suffi- 
ciently increase  the  working  forces  to  take  care  of  the  increased 
volume  of  business. 

There  are  two  reasons  for  this — an  insufficient  number  of 
applicants  and  the  actual  number  rejected  owing  to  the  rigid 
physical  requirements  with  respect  to  age  and  general  physical 
condition.  It  is  a  fact  that  a  large  percentage  of  the  various 
classes  of  labor  common  to  all  industries  can  and  do  find  em- 
ployment in  other  lines  when  they  are  unable  to  secure  work  with 
railway  companies,  owing  to  too  strict  physical  requirements. 

Under  the  proposed  plan  of  Scientific  Management,  the 
"  speeding-up "  process  would  unquestionably  be  one  of  the 
cornerstones  on  which  the  system  or  plan  would  stand,  should  it 
ever  exist.  Therefore,  another  culling-out  process  would  follow 
that  of  the  physical  examination,  so  that  ultimately  a  full  realiza- 
tion of  the.  economies  claimed  for  this  plan  would  be  predicated 
upon  the  use  of  loo  per  cent,  efficient  men,  or,  in  other  words, 
perfection — and  it  is,  on  the  face  of  it,  impossible  to  organize 
and  maintain  such  a  standard.  Moreover,  such  a  scheme  is  con- 
trary to  public  policy  and  at  variance  with  the  Constitution  of  the 
Commonwealth. 

Some  years  ago  a  judge  presiding  over  a  court  in  Tennessee, 
at  a  case  wherein  the  question  of  a  certain  railway  company's 
liability  was  at  issue,  ruled,  and  so  instructed  the  jury,  that  the 
company  was  liable,  for  the  simple  reason  that  it  did  not  have  the 
highest  grade  of  employees  to  protect  property  in  its  charge,  and 
a  verdict  was  consequently  rendered  against  the  defendant  com- 
pany. The  case  was,  of  course,  appealed,  and  when  it  reached  a 
tribunal  that  was  uninfluenced  by  local  prejudice  the  former  ver- 
dict was  not  only  set  aside  and  the  company  held  not  liable,  but 
the  trial  judge  was  severely  criticised  for  embodying  in  his  charge 
to  the  jury  instructions  that  were  contrary  to  public  policy.  The 
principal  point  established  by  the  Supreme  Court  was  that  it  was 
impossible  for  any  company,  particularly  a  railway  company,  to 
have  all  first-class  employees.  It  would  be  contrary  to  the  policy 
of  the  railroads  to  expect  to  obtain  all  the  best  men  our  country 
produced,  thus  casting  all  the  inferior  men  into  other  lines  of 
industry. 

There  can  be  no  arbitrary  time  limits  predetermined  and  estab- 
lished for  the  thousands  and  thousands  of  operations  in  railway 
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Avork  without  a  long  series  of  time-studies  with  stop-watches  and 
other  means  of  espionage  over  workmen  which,  when  finally  com- 
pleted and  put  into  effect,  would  result  in  crowding  out  of  service 
thousands  who  are  now  valuable  and  efficient  employees  and 
useful  citizens,  but  who  would  probably  be  declared  inefficient 
by  this  proposed  technical  or  scientific  "  yard-stick." 

Dr.  Sinclair  has  very  clearly  pointed  out  that  this  sort  of  thing 
would  confuse  workmen  without  reflecting  any  glory  on  the 
management,  and  I  feel  prompted  to  agree  with  him  that  it 
would  result  in  all  the  adverse  conditions  he  mentions,  together 
with  manv  others  that  he  has  doubtless  in  mind. 

Mr.  J.  Shirley  Eaton.  I  regard  'Sir.  Eaton's  criticism  as 
of  a  character  or  tone  that  invites  co-operation  in  the  matter 
of  the  problems  under  consideration.  There  are  doubtless  many 
problems  pertaining  to  the  physical  operation  of  a  railway  and 
to  its  statistics  that  do  not  appear  to  any  one  of  us  in  the  same 
light  as  they  would  to  another.  Difference  of  opinion  largely 
reflects  our  angle  of  vision,  and  is  also  an  index  to  our  difference 
of  environment. 

With  reference  to  experimental  features  of  the  earlier  rail- 
roads, I  am  inclined  to  the  belief  that  there  was  far  less  experi- 
menting then  than  now  in  this  field,  and  that  many  of  the  im- 
proved conditions  accorded  to  the  result  of  experiment  were,  and 
are,  the  outcome  of  the  well-matured  plans  of  highly  efficient 
men  in  their  chosen  profession. 

To  quote  examples,  a  railway  is  built  with  light  materials — 
light  steel,  ties,  bridges,  etc. — is  provided  with  narrow  fills  and 
cuts,  and  is  operated  with  light  power  and  equipped  with  light 
cars,  and  other  facilities  in  proportion. 

After  the  line  is  opened  and  earnings  either  provide  funds  or 
establish  sufficient  credit  for  the  company  to  refinance  the  prop- 
erty, it  is  usually  rehabilitated  with  heavier  steel,  larger 
and  more  ties,  rock  ballast,  heavier  bridges,  etc.,  and  those  who  so 
freely  criticise  the  railways  immediately  say  that  the  first  efforts 
were  an  experiment  and  were  a  waste  of  time  and  money.  Actu- 
ally, however,  far  better  use  of  the  original  funds  and  facilities 
at  hand  had  perhaps  been  made  than  is  done  by  those  who  rebuild 
a  line — and  not  infrequently  receive  credit  for  correcting  the 
alleged  folly  of.  an  experiment.     Following  the  rehabilitation  of 
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the  permanent  way,  engines  and  cars  are  replaced  by  heavier 
types — side  tracks  must  be  lengthened,  new  turn-tables  secured, 
and  the  round-houses  and  shops  enlarged — all  of  which  is  not 
infrequently  termed  "  experiment."  The  same  is  true  with 
regard  to  the  handling  of  the  men  employed.  Railway  officers 
have  not  experimented  with  men,  but  have  simply  moved  with 
the  times  in  their  endeavor  to  develop  efficiency  of  a  high  order. 

A  notable  practical  example  of  the  above  was  the  re- 
habilitating of  the  Union  Pacific  Railroad  some  3'ears  ago. 
Some  referred  to  this  great  engineering  and  commercial  feat  as 
casting  a  reflection  on  those  who  located  and  built  the  original 
line.  The  chief  officers  engaged  in  the  reconstruction  and  short- 
ening of  the  road,  however,  frankly  admitted  that  it  was  ex- 
tremely doubtful  whether  any  other  living  man  could  have  done 
so  well  under  the  circumstances  as  did  Gen.  Grenville  M.  Dodge 
in  the  original  location  and  construction  of  it. 

Many  other  similar  cases  might  be  cited.  I  myself  have  de- 
signed, purchased,  and  maintained  locomotives  of  a  size  and  capa- 
city much  below  what  I  considered  the  most  economical  from  an 
operating  stand-point,  but  they  were  as  heavy  as  the  bridges  and 
other  superstructures  would  support.  As,  however,  funds  were 
not  forthcoming  to  rehabilitate  the  roadway,  etc.,  in  spite  of  the 
necessity  of  supplying  greatly  increased  power  to  move  the  volume 
of  business  offered,  it  was  incumbent  to  do  the  best  that  could 
be  done  under  the  circumstances.  Later  on,  new  bridges  per- 
mitted using  heavier  engines,  and  perhaps  the  displaced  engines 
were  referred  to  by  some  as  "  experiments."  although  they  worked 
to  maximum  efficiency  in  their  "  day  and  generation." 

Mr.  Eaton  is  correct  with  regard  to  the  railway  business  hav- 
ing in  many  respects  taken  on  a  form  of  strife.  There  are 
several  very  prominent  factors  exerting  a  constant  influence  in 
the  direction,  as  indicated  by  Mr.  Eaton,  of  the  strenuousness  of 
railway  life,  so  that  this  strife  may  be  found  in  most  all  branches 
of  the  various  departments.  It  represents  the  components  of  all 
the  influences  tending  in  the  direction  of  all  the  executives  charged 
with  the  management  of  the  properties.  The  owners  are  solici- 
tous as  to  their  in^'estments,  which  prompts  the  management  to 
exert  their  energies  to  the  end  of  securing  the  greatest  possible 
returns  from  operation;  this  in  turn  means  that,  through  the 
medium  of  the  traffic  officers,  thev  are  at  all  times  striving  to 
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secure  the  greatest  possible  volume  of  business  over  their  rails; 
through  the  legal  department  they  are  striving  to  secure  the  most 
advantageous  position  in  all  matters  affected  by  the  courts;  the 
cost  of  transportation  is  sought  to  be  lowered  by  the  operating 
department. 

In  opposition  to  these  factors,  almost  every  employee  of  the 
line  is  constantly  seeking — and  many  demand  through  their 
organized  bodies — increased  compensation.  The  labor  organiza- 
tions are  not  asleep,  and  have  long  ago  learned  the  most  effective 
manner  in  which  to  secure  favorable  consideration — and  in  the 
application  thereof  it  is  not  infrequently  the  case  that  prominent 
trunk  lines  are,  in  the  matter  of  wage  questions,  placed  in  com- 
petition with  one  another.  As  a  result  and  as  the  bidding — as  it 
may  be  termed — progresses,  the  companies  are  placed,  by  means 
of  concessions  and  compromises,  in  the  position  of  practically 
competing  with  one  another  in  the  purchase  of  labor  at  the 
lowest  possible  figure.  There  is,  in  the  end,  a  gradual  increase 
accruing  to  the  labor  organizations  in  consequence  of  this  com- 
petitive, collective  bargaining.  As  Mr.  Eaton  states,  this  has 
assumed  a  condition  bordering  so  closely  on  physical  strife  that 
doubtless  some  of  the  best  men  in  the  railway  field  have  been 
sacrificed. 

Other  contributing  causes  for  this  physical  strife  are  such  as 
the  railway  companies  themselves  have  not  occasioned  by  their 
own  methods.  An  ever-discriminating  and  sometimes  unreason- 
able public  is  largely  responsible  more  than  any  other  one  factor. 
About  forty-seven  different  legislatures  have  for  years  been  mak- 
ing laws  mostly  hostile  to  railway  interests,  many  of  which  have 
been  unconstitutional.  These,  together  with  the  conflicting  rules 
of  state  and  national  railway  commissions,  sometimes  render  it 
totally  impossible  to  observe  the  rulings  of  one  State  without 
violating  those  of  another,  so  that  it  is  small  wonder  that  the 
railway  officers  are  constantly  held  under  a  high  nen-e  tension 
from  this  cause  alone. 

Finally,  after  years  of  strenuous  combating  of  these  com- 
bined conditions,  there  becomes  famous  in  a  night  the  "  Scientific 
Management  "  craze.  This,  by  disseminating  such  statements 
that  $365,000,000,  and  even  $730,000,000,  a  year  can  be  saved 
by  the  railways,  has  had  the  effect  of  further  embittering  the 
people  against  railway  interests,  and  has  rendered  it  much  more 
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difficult  to  operate  railway  properties  with  that  degree  of  economy 
which,  in  the  absence  of  these  adverse  influences,  would  be  easily 
attainable. 

Mr.  Eaton  says  that  preconceptions  and  vague  impressions 
have  played  soi  large  a  part  in  the  questions  under  consideration, 
in  spite  of  the  fact  that  the  figures  given  in  my  paper  were  actually 
quoted  by  Scientific  Management  exponents  in  support  of  their 
statements  and  claims.  One  advocate  actually  pointed  out  that  a 
prominent  industrial  concern  coerced  the  railways  into  purchasing 
its  products  at  a  probable  loss  or  waste  of  $2,000,000  a  year, 
and  offered  Scientific  Management  as  a  remedy  for  the  losses. 

Another  advocate  offers  the  following  unit  costs  for  main- 
tenance of  locomotives  and  cars. 

Locomotives,  per  mile  run    $0.06 

Freight   cars,    per    car   per   year    $3S-00 

On  this  basis  the  total  cost  in  1909  should  have  figured  out  as 
follows : 

Locomotive  miles,  1,529.454,537  at  6  cents  per 

mile $91,771,312.22 

The  actual  cost  of  Maintenance  and  Deprecia- 
tion   was    134,675,802.00 

Which  is  in  excess  by 32,904,490.00 

Freight  cars,  2.250.000  at  $35  per  car  per  year  78,750,000.00 

The  actual  cost   in    1909  was    160,758,186.00 

Which   is  in  excess  by    82,008,186.00 

Or  over  one  hundred  per  cent. 

So  that  on  these  two  items  alone  $114,912,676  is  alleged  to 
have  been  wasted. 

It  would  appear,  therefore,  that  Scientific  Management  advo- 
cates are  actually  guilty  of  the  very  offense  of  which  they  are 
by  Mr.  Eaton  charitably  absolved. 

As  to  the  introduction  of  the  efficiency  engineer,  there  is 
really  not  a  wide  range  of  difference  between  railway  managers 
and  railway  efficiency  or  consulting  engineers.  The  fact  must 
not  be  overlooked  that  discouraging  influences  and  impediments 
to  progress  are  being  overcome  by  the  various  able  and  efficient 
railway  managers  all  along.  American  railways  are  producing 
transportation  for  less  than  any  other  country  in  the  world.  They 
are  paying  higher  compensation  and  operating  with  a  less  force, 
as  is  illustrated  in  the  following  table  of  ratio  of  number  of  men 
per  mile  of  line  : 
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United    States    6.38 

United    Kingdom     2T. 

Germany     22. 

France     16. 

Switzerland     I5- 

Russia     21. 

Belgium     25. 

Austria     18. 

Italy     16. 

An  army  of  railway  efficiency  engineers  is  constantly  em- 
ployed and  is  achieving  results  in  its  work,  so  that  any  criticism 
of  these  would,  under  the  circumstances,  appear  unwarranted. 

Mr.  Frank  B.  Gilbreth.  I  find  myself  unable  to  agree  with 
Mr.  Gilbreth  in  any  of  his  conclusions  with  respect  to  the  prac- 
tical application  of  Scientific  Management  to  railway  operation, 
although  I  realize  that  his  opinions  are  entitled  to  respectful  con- 
sideration. 

Mr.  Gilbreth  is  quite  sure  that  the  railways  will  be  much  more 
efficient  when  they  adopt  the  Taylor  System  of  Scientific  Man- 
agement ;  he  is  also  equally  sure  that  they  will  adopt  it. 

The  plan  of  so-called  Scientific  Management  under  considera- 
tion in  my  paper  was  very  clearly  defined  in  the  testimony  before 
the  Interstate  Commerce  Commission  O'U  the  rate  cases.  It  was 
also  given  much  publicity  about  the  same  time  through  the  press. 
In  a  general  way  it  is  the  so-called  Taylor  System,  and  my  opin- 
ion is  that  there  is  not  the  remotest  possibility  of  the  railway 
officers  adopting  this  system  or  of  the  employees  working  under  it. 
On  the  other  hand,  too,  there  is  not  the  remotest  possibility  of 
any  diminution  in  the  concentrated  efforts  of  our  railway  mana- 
gers and  their  departmental  heads,  many  of  which  latter  are  high- 
grade  efficiency  engineers,  to  maintain  economy.  They  will  pro- 
ceed in  the  future,  as  they  have  done  in  the  past,  in  the  solution 
of  all  problems  pertaining  to  econoinical  operation,  to  the  end 
that  the  majority  of  our  railways  in  America  shall  remain  in  the 
lead  of  all  other  corporations  or  concerns  where  high-grade  effi- 
ciency engineering  is  concerned.  Most  of  the  alleged  wastes  or 
inefficiencies  pointed  out  by  those  lacking  in  knowledge  gained 
from  practical  experience  in  railroad  work  are  largely,  if  not 
wholly,  such  economic  wastes  or  essential  costs  as  are  absolutely 
necessary  in  the  operation  of  a  high-grade  transportation  plant, 
which  will  never  be  prevented. 
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In  stating  that  the  so-called  Scientific  Management  plan  under 
consideration  will  not  be  adopted  and  used  by  the  railways,  I 
do  not  wish  to  convey  the  idea  that  the  plan  reveals  anything  but 
the  results  of  continued  and  hard  study  of  the  subject  of  scientific 
shop  management  on  the  part  of  its  originator.  I  regard  it,  on 
the  contrary,  as  having  brought  much  distinction  in  its  field 
of  usefulness,  but  add  that  its  methods  are  in  this  case  not 
applicable. 

No  doubt  many  who  have  read  of  Dr.  Taylor's  great  achieve- 
ments in  the  engineering  world  have  been  led  to  believe  that  the 
same  economies  could  be  effected  in  all  items  of  expense  in  rail- 
way operation.  That  this  is  not  the  case,  however,  can  be  best 
shown  by  taking  a  particular  example. 

Some  ten  or  fifteen  years  ago  the  efficiency  engineers  on  our 
railways  began  to  stir  up  the  machine-tool  makers,  first  with  a 
request,  then  a  demand,  for  machines  and  tools  that  would  stand 
up  under  heavier  loads  and  increased  speeds,  thus  effecting  an 
increased  output.  Although  some  few  of  these  were  a  little  slow 
in  getting  into  action,  the  progressive  motive-power  ofhcers  of 
the  American  railways  continued  to  press  until  the  demands  were 
met,  and  as  a  result  the  designing  engineers  and  manufacturers 
have,  jointly  with  the  railway  efficiency  engineers  who  use  their 
products,  brought  about  great  economies  in  machine  shop  output. 

Although  the  above  is  the  case,  the  fact  should  not  be  over- 
looked that  the  proportion  of  the  operating  expenses  of  a  railway 
that  would  be  controlled  or  influenced  by  the  benefits  derived 
therefrom  is  decidedly  small.  For  example,  the  development 
of  high-speed  tool  steel  for  turning  steel  tires  had  very  little  effect 
on  operating  expenses,  as  is  evidenced  by  the  following  figures, 
taken  from  the  statistics  of  one  of  our  leading  trunk  lines : 

Total   number   of   employees    39,ooo 

Total    operating    expenses,    over    $37,000,000.00 

Maintenance    of    equipment    9,500,000.00 

Monthly    pay-rolls,    Mechanical    Department,    over  400.000.00 

Monthly  expense  of  turning  steel  tires   500.00 

Ratio  of  steel  tire  expense  to  shop   rolls    .0012 

Ratio    of    steel    tire    expense    to    maintenance    of 

equipment     .00006 

Ratio      of      steel      tire      expense      to      operating 

expense    Not  given 
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It  should,  therefore,  be  clear  to  anyone  that  even  the  maximum 
improvements  or  economies  effected  by  the  introduction  of  im- 
proved tool  steels  would  only  touch  an  infinitesimal  part  of  the 
shop  work,  and  entire  maintenance  of  equipment,  which  is  in  turn 
only  an  item,  amounting  to  about  one-fifth,  or  20  per  cent.,  of  the 
total  cost  of  railway  operation. 

Passing  from  shop  operations  to  office  expenses,  Mr.  Gilbreth 
says :  "  We  have  applied  the  Taylor  plan  of  Scientific  Manage- 
ment with  a  large  increase  of  efficiency  to  office  employees,  as  well 
as  to  those  who  do  manual  labor."  I  can  only  say  in  reply  to  this 
that  for  the  one  line  that  has  been  cited  as  an  example  of  the 
wonderful  economies  effected  claims  have  been  made  which  have 
on  analysis  proven  to  be  without  support. 

Mr.  Gilbreth's  conclusions  on  the  application  of  the  plan  to 
locomotive  repairs  must  be  formed  from  a  theoretical  view  of  the 
matter,  for  I  venture  to  say  that  if  placed  in  charge  of  mainte- 
nance and  repairs  of  locomotives  in  a  large  round-house  for  even 
a  short  period  it  would  be  impossible  for  one  to  form  such 
conclusions. 

Lastly,  I  would  say  that  the  problems  of  "  Practical  Applica- 
tion of  Scientific  Management  to  Railway  Operation  "  and  of 
"  Practical  Application  of  Scientific  Management  to  Manufactur- 
ing Plants  "  have  very  few,  if  any,  points  in  common,  and.  no 
matter  how  thorough  an  investigation  were  made  of  the  latter, 
the  experience  gained  would  still  be  entirely  inapplicable  in  pro- 
posing any  method  of  or  attempting  any  solution  of  the  former. 

Mr.  Charles  Buxton  Going.  Mr.  Going  comments  on  in- 
creased size  of  engines,  and  states  that  comparison  on  any  other 
basis  than  the  tractive  unit  would  be  worthless.  In  reply  I  would 
say  that  it  is  a  matter  of  common  knowledge  that  all  trunk  lines 
have  materially  increased  the  size  of  their  power  in  the  last 
twenty  years,  and  particularly  in  the  last  decade.  The  Santa 
Fe  has  made  remarkable  strides  in  this  direction,  but  as  it  has 
done  so  not  independently,  but  in  common  with  the  other  lines, 
the  relative  difference  in  cost  per  unit  of  all  lines  should  be 
about  the  same. 

An  examination  of  the  Santa  Fe  annual  report  for  191 1  dis- 
closes the  following  figures  with  reference  to  locomotives : 
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Number  of  engines   i,997 

Number  of  engines  with  less  than  100  tons  on  drivers....  1,770 

Number  of  engines  with  more  than  100  tons  on  drivers. . .  .  227 

Per  cent,  of  locomotives  with  more  than  100  tons  on  drivers  11.3 

Number   Mallet   engines    58 

Per  cent.  Mallet  engines    2.9 

(While  there  are  about  58  Mallet  engines  shown  in  the  191 1 
report,  many  of  them  were  received  toward  the  close  of  the  fiscal 
year.  During  the  period  covered  by  the  maintenance  items  for 
this  year  there  were  approximately  35  Mallet  engines,  or  about 
1.8  per  cent.) 

Of  the  90  per  cent,  of  engines  weighing  less  than  100  tons  on 
drivers,  1,601,  or  80  per  cent.,  of  these  have  less  than  75  tons  on 
drivers.  Further,  it  may  be  stated  that  included  in  this  schedule 
of  power  are  many  old  light  engines  that  actually  decrease  in 
size  by  age,  and,  as  these  are  mostly  assigned  to  lighter  service, 
they  should  be  much  less  expensive  to  maintain  than  they  were 
prior  tO'  the  purchase  of  the  modern  heavier  power. 

The  light  power  is  divided  into  the  following  classes : 

Switch    engines     144 

Eight-wheel     242 

Mogul    57 

Ten-wheel     433 

Twelve-wheel    (only    52.17   tons)    6 

Consolidation     339 

Total     1,221 

Per  cent,  of  total   equipment   61.0 

From  the  foregoing  it  is  quite  clear  that,  while  the  Santa  Fe 
has  added  many  new  engines  to  its  equipment,  it,  like  other  lines^ 
still  owns  and  operates  a  majority  of  much  lighter  engines. 

The  average  tractive  power  of  locomotives  on  the  Santa  Fe 
for  the  past  six  years  was  as  follows : 

1906  27,684  pounds 

1907  29,229  pounds 

1908  29.757  pounds 

1909  29,714  pounds 

1910  29,803  pounds 

191 1  (58  Mallet  engines)    30,824  pounds 

Increase  in  tractive  power   (1906-11)  . . .  .  ii-3% 
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Cost  per  engine  per  year  for  maintenance, 

1906 $3,101.00 

191 1   4.54400 

Increased    cost    over    1906    46.5% 

Again,  a  comparison  may  be  drawn  between  the  sizes  of 
engines  on  some  of  the  Hnes  in  question  on  the  basis  of  average 
diameters  of  cyHnders.  The  following  is  a  tabulated  display  of 
this  factor  in  inches,  together  with  average  cost  of  maintenance 
per  engine  per  year  and  cost  per  inch  of  cylinder  diameter  per 
year,  on  twelve  different  lines : 

Average  diameter  Average  cost  Cost  per  inch 

of  cylinders  per  engine  per                of  cylinder 

in  inches  year  to  maintain              diameter  in 

19 10.  in  dollars.                        dollars. 

1  Northern    Pacific    20.70  $2,481.00  $120.00 

2  Great    Nor*thern     20.67  2,841.00  137-39 

3  Southern    Pacific    19-93  4,218.00  211.64 

4  St.   L.   &   S.   F 20.00  2,923.00  146.15 

5  C,   R.   I.   &   P 20.00  2,478.00  123.90 

6  C,    B.    &    Q 19.90  3,087.00  155-12 

7  Union    Pacific     20.45  3,687.00  180.29 

8  Missouri    Pacific     19.60  3.393-00  i73-ii 

9  M.,   K.   &  T 19.30  2,783.00  144-19 

10  C.   &   X.  W 19.08  2,527.00  -T 32.44 

11  C,  M.  &  St.  P 18.77  2,523.00  13441 

12  A.,  T.  &  S.  F.  Ry 18.54  3.832.00  207.22 

Average  19-74  $3,148.00  $i55'-44 

These  figures  are  self-explanatory  and  confirm  my  contention 
that  analyses  of  unit  costs  based  on  size  or  capacity  can  quite 
properly  be  made. 

\\'ith  reference  to  the  comparison  of  cost  per  engine  per  year 
for  maintenance  on  different  lines  of  railway  and  on  the  same 
line  of  railway  for  different  years,  to  which  comparison  Mr. 
Going  takes  exception,  adding  that  "  comparison  on  any  other 
basis  but  the  tractive  unit  would  be  worthless,"  the  presumption 
is  not  made  by  the  writer  that,  in  the  preparation  of  operating 
statistics  of  railways,  the  method  employed  to  show  the  general 
average  earnings  per  train  mile,  the  average  cost  for  maintenance 
of  way  per  mile,  the  average  cost  per  locomotive  per  year,  per 
freight  and  passenger  car  per  year,  etc.,  gives  in  any  case  the  exact 
cost  of  each  unit  involved.  For  example,  on  a  system  where  the 
average  earnings  per  mile  per  year  are  $10,000,  it  is  not  unlikely 
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that  some  miles  are  being  operated  at  a  loss.  The  same  may  be 
said  to  be  true  of  locomotive  maintenance.  A  line  showing 
an  average  cost  of  $3,000  per  locomotive  may  have  spent  as  high 
as  $10,000  on  some  certain  locomotives,  while  on  others  possibly 
only  about  $500  or  $600.  The  ready  comparison  of  the  costs  on 
their  own  line  and  on  other  lines,  for  the  various  periods  made  by 
the  method  of  averaging,  is,  however,  the  one  generally  accepted 
by  the  managers  of  American  railways. 

A  search  of  the  annual  reports  of  railways  of  the  United 
States  reveals  the  fact  that  Mr.  Going's  "  unit  costs  based  on 
tractive  power  "  is  conspicuous  by  its  absence.  The  Railway 
Presidents'  annual  reports  show  these  figures  in  average  cost  per 
locomotive  per  year,  average  cost  per  locomotive  per  car  mile, 
average  cost  per  car,  average  income  or  expenditure  per  car 
mile,  etc. 

Just  what  my  position  is  in  respect  to  Scientific  Management 
is  brought  out  by  the  qualifying  clauses  on  pages  10  and  18  of 
my  paper,  and  I  have  therein  confined  myself  to  the  task  indicated 
— that  of  establishing  an  approximate  line  of  definition  of  the 
practical  application  of  scientific  management  to  railway 
operation. 

I  repeat  here  that  there  is  no  comparison  between  the  daily 
duties  of  section  laborers,  section  foremen,  engineers  and  firemen, 
brakemen,  conductors,  etc.,  on  the  one  hand,  and  of  machine  oper- 
ators on  the  other.  The  daily  duties  of  the  former  cannot  be 
predetermined  by  some  planning  department  in  an  office. 

With  respect  to  the  switch-tenders,  it  is  quite  proper  to  show 
that  the  number  of  these  has  been  reduced  to  a  minimum  and 
that  their  rate  of  pay  will  not  permit  of  any  reduction,  so  that 
no  portion  of  the  proposed  $365,000,000  to  be  saved  per  year 
could  be  derived  from  this  source. 

The  next  item  is  that  of  employees  on  floating  equipment. 
Their  average  compensation  is  now  $2.31  a  day — which  includes 
captains,  first,  second  and  third  officers,  chief  engineers,  assistant 
engineers,  stewards,  pursers,  petty  officers,  and  the  remainder  of 
the  crews.  No  reduction  could  be  made  in  this  rate,  which  is 
already  below  the  average  for  the  character  of  work  performed. 
Neither  could  the  number  of  these  men  be  reduced,  as  their  duties 
are  usually  clearly  defined,  as  I  already  stated,  by  United  States 
laws  governing  steamboat  service. 
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As  to  the  mixed  classes,  which  include  inexperienced  men  in 
railway  service,  what  I  have  said  of  the  track-,  engine-  and  train- 
men,  as  compared  to  machine  operators,  also  applies  to  these. 

Mr.  Going  states,  with  regard  to  economy  effected  by  first- 
class  supervision :  ''  Whether  the  average  man  is  firing  a  locomo- 
tive or  tamping  a  tie,  he  can  certainly  learn  to  do  it  better  under 
the  guidance  of  a  better-than-average  man."  I  think  I  have 
already  expressed  my  willingness  to  admit  that  first-class  super- 
vision would  effect  economy  to  the  railway  company. 

Consider  in  tabulated  form  figures  concerning  some  of  the 
principal  men  connected  with  locomotive  operation  and  fuel 
economy. 

Engineers    57,077 

Firemen     60,349 

Mechanical    officers    2,000 

Travelling    engineers     900 

Members  International   Railway  Fuel   Association    147 

Members    Air-Brakemen's    Association    200 


120,673 


As  all  of  the  above  are  not  fuel  experts,  and  as  many  of 
them  devote  much  of  their  time  to  other  matters  than  fuel 
problems,  it  is  quite  proper  to  subject  this  list  to  a  process  of 
elimination. 

Of  the  57,077  engineers,  there  are  no  doubt  many  that  practise 
the  most  rigid  economy  in  the  operating  of  engines  in  their  charge 
and  guard  their  employers'  property  as  carefully  as  if  it  were 
their  own.  Such  number  among  them  the  ablest  fuel  experts 
known,  and  it  is  from  their  ranks  that  men  are  selected  for  the 
advanced  positions  of  travelling  engineer  or  road  foreman  of 
engines.  There  are  no  statistics  to  show  the  average  percentage 
of  the  number  of  engineers  that  would  come  within  this  class, 
but  many  years'  experience  in  the  examination,  employment, 
handling,  promoting,  and  otherwise  dealing  with  both  engineers 
and  firemen,  studying  their  records,  perfonnance  sheets,  etc., 
enables  one  to  make  a  reasonably  fair  estimate  of  fifty  per  cent., 
and  of  the  remainder  I  would  venture  to  say  that  at  least  half 
are  not  wasteful. 

Taking  the  estimate  of  50  per  cent.,  however,  we  have  on  the 
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scene  of  action  at  all  times  28,538  high-grade  fuel  experts  who 
are  as  economical  as  transportation  conditions  will  allow. 

Now,  considering  the  firemen,  it  is  well  known  that  the  best 
engineers  do  not  tolerate  inefticient  firemen,  and  so  it  may  be  said 
there  is  an  equal  number  to  that  of  the  engineers  endeavoring 
to  save  every  pound  of  coal  possible. 

We  now  have  57,077  men  constantly  in  service  with  this 
latter  object  in  view. 

There  are  over  two  thousand  mechanical  officers,  and  more 
than  one-half  of  these — to  form  a  conservative  estimate — con- 
tribute much  to  fuel  economy. 

Travelling  engineers  and  road  foremen  of  engines  are  drawn 
from  the  very  best  engineers  on  the  road.  They  are  experts  in 
focomotive  operation,  and  are  constantly  on  the  "  firing  line." 
Approximately  900  of  these  must  be  added  to  the  above. 

As  regards  the  members  of  the  International  Fuel  Association, 
150  in  number,  these  are  interested  in  fuel  economy,  but,  since 
many  of  them  are  confined  to  office  work,  it  would  be  fair  to 
consider  100  of  them  as  contributing  to  practical  saving  of  fuel. 

To  the  ah-eady  considerable  number  might  very  well  be  added 
a  large  percentage  of  the  air-brake  instructors,  many  of  whom 
teach  fuel  economy  in  conjunction.  Hostlers,  trainmasters,  and 
superintendents  could  also  be  included. 

The  completed  list  of  fuel  economists,  therefore,  stands  as 
follows : 

Engineers     28,538 

Firemen     28,538 

Mechanical    officers     i.ooo 

Travelling  engineers    900 

International  Railway  Fuel  Association   ico 

59,076 

or  about  59,000  of  the  best  men  available  teaching  and  practis- 
ing fuel  saving. 

That  there  is  room  for  considerable  further  economy  in  this 
direction  than  is  at  present  effected  is  not  denied.  Recent  pre- 
ventable wastes  have,  however,  been  grossly  exaggerated  by 
Scientific  Management  exponents. 

The  assignment  of  additional  men  of  known  ability  in  loco- 
motive operation   would   secure   the  best  possible   service   from 
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each  employee  to  prevent  all  necessary  waste  of  fuel.  Beyond 
this  no  one  can  go.  Scientific  Management  could  not  approach 
the  case,  and  the  Bonus  System  would  have  a  demoralizing  effect. 

Locomotive  engineers  and  firemen  are  paid  on  a  mileage 
basis,  clearly  defined  in  their  schedule  drawn  up  by  their  re- 
spective brotherhoods.  The  hours  of  departure,  weight  and 
speed  of  trains,  number  and  duration  of  stops,  etc.,  are  all  gov- 
erned by  the  Transportation  Department  to  suit  constantly- 
changing  conditions  of  service. 

The  quality  of  fuel  used  is  influenced  largely  by  two  factors : 
its  degree  of  purity  and  the  manner  of  handling  it  from  mine 
to  engine.  All  coal  is  not  first  quality,  and  the  railway  managers 
will  continue,  in  the  future  as  in  the  past,  to  purchase  that  grade 
which,  from  the  stand-point  of  sound  business  policy,  is  most 
suitable  for  their  use. 

One  of  the  most  important  factors  affecting  the  quantity  of 
fuel  used  is  the  state  of  the  weather,  and,  up  to  this  date,  I  have 
not  heard  of  any  proposition  to  regulate  this  by  Scientific  Man- 
agement !  There  are  other  factors  just  as  variable  as  this,  and 
the  foregoing  serves  to  show  that  these  cannot  be  foreseen  or 
provided  for  in  any  bonus  system. 

I  stand  committed  to  the  highest  possible  efficiency  obtain- 
able by  the  employment  of  the  best  talent  known  in  respective 
lines  of  work,  and  regret  that  I  am  unable  to  offer  a  better  defini- 
tion of  my  views  on  Scientific  Management  than  was  given  in 
my  paper. 

Mr.  Harrington  Emerson.  At  the  risk  of  tiring  some 
readers  with  what  appears  to  me  too  voluminous  a  review,  I  will 
enter,  as  part  of  the  record,  extracts  from  the  testimony  and 
writings  of  different  advocates  of  Scientific  Management  to 
which  I  have  addressed  myself  (see  Docket  3400). 

Extracts  from  the  testimony  before  the  Interstate  Commerce 
Commission  in  the  rate  case : 

Page  14:  "  The  Science  of  Management  is  new.  Some  of  its 
principles  were  discovered  and  applied  a  quarter  of  a  century  ago 
by  Fred.  W.  Taylor  in  the  Midvale  Steel  Works.  Other  prin- 
ciples have  been  discovered  and  developed  by  him  and  bv  many 
others  since.  It  was  not  until  the  publication  of  his  essay  on 
*  Shop  Management,'  in  1903.  that  the  results  of  his  work  and 
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that  of  his  associates,  particularly  H.  L.  Gault  and  C.  G.  Barth, 
were  presented  to  the  public  in  a  comprehensive  form;  and  it  is 
scarcely  more  than  three  or  four  years  since  these  principles  devel- 
oped into  a  science.  (Emerson  on  Efficiency,  and  Going,  Sante 
Fe  Management.)" 

Page  15:  "Scientific  jManagement  is  not  merely  competent 
and  progressive  management.  '  Scientific  Management '  differs 
radically  from  the  most  competent  and  progressive  management 
under  the  old  system.  It  differs  also  from  systematized  manage- 
ment. The  difference  is  one  in  kind.  '  Scientific  Management ' 
differs  from  that  now  generally  practised  by  the  railroads,  much 
as  production  by  machinery  differs  from  production  by  hand ;  and 
the  '  Revolution  in  Railroading  '  and  other  industries,  which  must 
result  from  the  introduction  of  '  Scientific  Management,'  is  com- 
parable only  to  that  involved  in  the  transition  from  hand  to 
machine  production." 

Pages  18  and  19  (What  Scientific  Management  In- 
volves) :  "  In  Scientific  Management,  therefore,  results  are  pre- 
determined. Before  the  work  is  commenced,  it  is  determined  not 
only  as  to  what  shall  be  done,  but  how  it  shall  be  done,  when  it 
shall  be  done,  and  what  it  shall  cost." 

Page  52  (Piece  Work)  :  ''  It  must  not  be  supposed  that  the 
introduction  of  the  piece-rate  system  is  '  Scientific  Management,' 
or  even  an  approach  to  it.  On  the  contrary,  the  existence  of  the 
piece-rate  system  often  proves  the  greatest  obstacle  to  the  intro- 
duction of  Scientific  Management." 

Page  63  (Economy  Not  Considered):  "Mr.  Emerson: 
We  never  paid  any  attention  to  attaining  economy.  The  only 
thing  we  paid  attention  to  was  the  attaining  of  efficiency,  feeling 
absolutely  certain  that  economy  would  result  as  a  by-product." 

Pages  64  and  65  (Scientific  Management  and  Labor 
Unions)  :  "  The  claim  has  been  made,  that  '  Scientific  Man- 
agement and  labor  unions  are  inconsistent ;  that  the  organization 
of  labor  presents  insuperable  obstacles  to  the  introduction  of 
Scientific  Management  in  railroads  and  other  industries  where 
unionism  is  potent.  This  claim  we  believe  is  wholly  unfounded 
in  fact. 

(a)  "  Collective  bargaining  is  alike  an  important  function 
under  Scientific  Management  as  under  the  old  system. 
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(b)  "  Unionism  does  not  prevent  the  introduction  of  Scien- 
tific ^Management.  It  is  true  that  unions  have  in  some  trades  bit- 
terly opposed  the  piece-rate  or  bonus  system  '  without  Scientific 
]\Ianagement.'  just  as  they  have  opposed  the  day-rate  system 
without  Scientific  ^Management." 

Page  80 :  "  Emerson. — Standards  of  maintenance-of-way 
vary.  Innumerable  assays  of  actual  work  show  a  maintenance- 
of-way  labor  efficiency  of  scarcely  more  than  thirty  (30)  per 
cent." 

Page  82  :  "  Emerson. — The  cost  of  fuel  is,  on  all  railroads, 
a  large  per  cent,  of  the  total  transportation  expense.  It  has  been 
demonstrated  that,  by  proper  instruction,  fuel  consumption  could 
be  reduced  at  least  one-half." 

Page  84  (Demands  of  Scientific  ^^Ianagement)  :  "  The 
attainment  by  each  railroad,  for  each  operation,  of  the  lowest 
cost  attained  by  any  other  railroad  for  that  operation,  would  not, 
however,  satisfy  the  demands  of  Scientific  Management.  To 
attain  only  the  best  that  has  been  done  presents  the  beginning 
rather  than  the  end  of  economies  which  Scientific  ^Management 
contemplates.  \\'ith  the  ascertainment  of  the  lowest  existing 
costs,  the  study  must  be  made  whether  there  are  still  waste  time 
and  effort  involved  in  the  best  existing  method  of  performing 
that  particular  operation,  and  of  eliminating  such  waste  when 
determined.  And  when  that  shall  have  been  done,  there  will 
still  remain  the  wide  field  of  research  for  a  better  way  of  doing 
the  same  thing." 

Page  88  (Railroads  Are  Xot  Scientifically  ^Ianaged)  : 
"  It  is  no  doubt  true  that  some  of  the  railroads  are  competently 
managed,  so  far  as  that  can  be  done  under  the  old  methods. 
Other  railroads,  while  not  managed  competently  as  a  whole,  are 
no  doubt  competently  managed  as  to  particular  departments, 
divisions,  or  operations.  But,  so  far  as  appears  in  evidence.  Scien- 
tific Management  has  not  been  introduced  into  any  department  of 
any  railroad  operating  within  official  classification  territory." 

Page  92  (Traffic  Only  Efficient  Department)  :  "  Mr. 
Emerson. — Large  economies  can  be  effected  in  all  departments  of 
railroad  operation  except  traffic.  The  efficiency  of  the  traffic 
by  my  standards  is  very  high ;  that  is,  the  efficiency  of  expense  in 
the  traffic  departments." 
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Page  yd :  "  Emerson. — No  railroad  has  ever  determined  any 
cost  standards,  either  for  maintenance  or  operation  of  equipment, 
maintenance-of-way,  or  consumption  of  fuel ;  yet  there  is  no  rail- 
road in  the  country  on  which  each  of  these  cost  standards  could 
not  be  determined  in  a  very  short  time  and  with  very  close  accu- 
racy, at  a  cost  equal  to  the  saving  effected  in  a  single  month." 

Page  yy :  "  Emerson. — Standardized  locomotive  repairs  run 
from  3  cents  to  6  cents  a  mile  for  maintenance.  The  actual 
average  cost  is  6  cents  to  12  cents,  therefore  twice  what  they 
should  be.  The  standard  cost  of  maintaining  freight  cars  is  as 
low  as  $30  per  annum.  Actual  average  costs  run  from  $45  on 
some  roads  to  over  $100  on  others." 

Page  179  (Conclusion)  :  "  This  investigation  has  developed 
clearly  that  the  railroads,  to  meet  any  existing  needs,  should  look, 
not  without,  but  within.  If  their  net  income  is  insufficient,  the 
proper  remedy  is  not  higher  rates,  resulting  in  higher  costs  and 
lessened  business,  but  '  Scientific  Managemeiit,'  resulting  in  lower 
costs,  in  higher  wages,  and  increased  business.  If  their  credit  is 
impaired,  the  proper  remedy  is  not  to  apply  the  delusive  stimulant 
of  higher  rates,  but  to  strengthen  their  organization  by  introduc- 
ing advanced  methods  and  eliminating  questionable  practices. 
Thus  they  will  maintain  credit  by  deserving  it." 

Replying  to  Mr.  Emerson's  criticism  of  my  paper  in  the  order 
of  its  presentation,  the  first  item  is  that  of  oil  or  lubrication.  It 
should  be  noted  that  in  this  one  connection  Mr.  Emerson  agrees 
with  me  in  three  points : 

1.  That  the  Galena-Signal  Oil  Company's  methods  are  those 
of  efficiency  engineering. 

2.  That  the  company  deserves  to  be  ranked  among  those 
engaged  in  effecting  economy  in  railway  operation. 

3.  That  the  company's  methods  have  probably  saved  the  rail- 
roads $10,000,000  in  the  past  twenty  years,  and  are  now  saving 
them  about  $10,000  per  year  on  the  item  of  lubrication. 

Mr.  Emerson  thus  takes  part  in  stamping  as  unreliable  the 
statements  of  the  author  of  the  article  in  Hampton's  Magadne, 
wherein  the  oil  company  was  accused  of  coercing  the  railways  to 
buy  from  them  at  unreasonable  prices. 

I  myself  have  had  experience  of  the  qualifications  of  the  men 
employed  by  the   Galena-Signal   Oil   Company.      When   I   was 
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master  mechanic  on  a  mountain  division  of  over  800  miles  of  a 
transcontinental  line  using  a  low-grade  of  oil  with  a  high  cost 
(almost  $3  per  1,000  miles  on  locomotives)  the  oil  was  changed 
to  Galena-Signal  at  twice  the  price  per  gallon.  The  cost  per  unit 
of  service  on  the  system  was  in  many  cases  doubled,  and  I  found 
it  necessary  to  act  quickly  to  prevent  a  cost  of  lubrication  in  my 
district  that  would  invite  unfavorable  comment  from  my 
superiors. 

My  efforts  brought  greater  returns  than  expected.  The 
locomotive  cost  of  almost  $3  per  thousand  miles  with  cheap  oil 
was  reduced  below  $1.50  per  thousand  miles  with  oil  that  cost 
double;  at  the  same  time,  the  prairie  or  level  divisions  of  the 
system,  that  should  have  made  the  best  showing,  remained  slightly 
above  their  former  cost  with  cheap  oil.  My  own  surprise  was 
mild  to  that  of  others,  particularly  of  my  superior  officer,  the 
stores  department,  and  the  oil  company,  the  impression  being  that 
I  had  in  some  manner  gotten  oil  not  charged  to  my  district. 

Again,  when  in  the  employ  of  the  oil  company  itself,  some 
years  ago,  in  the  capacity  of  mechanical  expert,  I  found  the 
conditions  were  extremely  difficult  on  one  of  the  home  systems  to 
which  I  was  assigned.  Constant  practice  of  patience,  tact,  perse- 
verance, and  general  knowledge  of  all  matters  pertaining  to  the 
question  of  lubrication  and  railway  operation  was  necessary  to 
meet  them.  The  policy  of  the  oil  company  was  strictly  observed 
without  friction  with  department  heads,  in  spite  of  frequent  calls 
from  the  management  and  a  saving  of  several  thousand  dollars 
per  year,  and  better  service  was  effected.  I  was  later  invited  by 
the  management  of  this  same  property  to  take  charge  of  its 
mechanical  department,  including  motive  power  machinery  and 
rolling  stock,  and  in  this  capacity  received  reports  from  the  oil 
company's  mechanical  experts. 

On  two  other  railways,  of  which  I  was  superintendent  of 
motive  power  and  machinery,  there  were  similar  relations  be- 
tween myself  and  the  oil  company's  representatives. 

During  several  years  of  special  or  consulting  work,  making 
examinations  of  and  reports  on  railway  properties,  I  have  had 
opportunity  to  observe  the  prevailing  practice  on  many  other  lines 
than  the  above,  and  it  has  often  been  my  duty  to  analyze  thor- 
oughly this  item  of  expense. 
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As  the  result,  I  am  quite  positive  that  the  efficiency  engineer- 
ing methods  followed  by  the  oil  company's  high  officials  or  their 
experts  in  the  field  bear  little  or  no  resemblance  to  the  scheme 
of  Scientific  Management  given  publicity  through  the  rate  case 
testimony  and  other  channels  at  that  time,  and  to  which  I  have 
addressed  myself. 

Mr.  Emerson  misrepresents  my  position  when  he  commits 
me  to  the  statement  that  I  favored  the  application  of  available 
knowledge  and  skill  in  railroad  operation  to  the  items  of  lubrica- 
tion and  air  brakes,  but  to  no  other.  A  glance  at  my  paper  will 
reveal  to  anyone  the  fact  that  I  have  placed  no  such  limitations  ou 
the  application  as  Mr.  Emerson  would  have  it  believed. 

I  have  endeavored  to  make  it  clear  that  I  recognize  the  full 
value  of  engineering  principles  as  essential  to  the  success  of  any 
undertaking  which  involves  the  application  of  nature's  forces  to 
the  service  of  man.  I  could  not  do  otherwise  at  this  stage  of  my 
work  in  the  practical  application  of  these  principles. 

My  reference  to  certain  industrial  concerns  is  anticipated  in 
my  opening  remarks.  These  companies  are  entitled  to  recognition 
for  the  progress  they  have  made  on  the  lines  of  efficiency  engineer- 
ing, and  I  offered  the  reference  to  them  as  a  rebuke  to  tlie  author 
of  one  of  the  articles  who  held  the  railways  up  before  the  public 
eye  as  examples  of  inefficiency,  extravagance,  and  dishonesty,  etc., 
and  offered,  as  a  cure,  Scientific  Management. 

This  same  author  having  also  pointed  out  the  influence  of  a 
certain  industrial  concern  on  the  purchase  of  oils,  causing  alleged 
w^aste,  it  appeared  quite  proper  to  go  into  details  in  this  matter 
and  show  as  a  contrast  the  actual  probable  amount  of  savings 
effected. 

I  did  not  state  in  my  paper,  and  have  never  stated,  that  Scien- 
tific Management  on  the  Santa  Fe  Railway  was  a  failure.  I  did 
say,  however,  and  feel  safe  in  repeating,  that  the  figures  given 
before  the  Interstate  Commerce  Commission  and  published  to  the 
world,  with  reference  to  the  alleged  economies  effected  on  this 
road,  would  not  bear  analysis. 

I  stated,  and  repeat,  that  the  high  cost  of  locomotive  repairs 
in  1904  and  1905  was  due  to  the  machinists'  strike.  (Mr.  Emer- 
son says  that  the  strikers  were  "  violently  and  destructively 
hostile.")  Also,  the  reduction  in  cost  in  1906-7  was  that  which 
follows  the  termination  of  a  strike  of  this  magnitude,  and  that 
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Mr.  Emerson's  employment  on  the  line  was  merely  an  incident  in 
connection  with  the  road's  operation.  In  fact,  if  neither  he  nor 
his  men  or  methods  had  been  employed  at  this  particular  time, 
the  reduction  in  cost  per  locomotive  should  have  been  as  much 
as  shown. 

In  speaking  of  the  great  economies  to  be  effected  by  the  Scien- 
tific Management  of  Railways,  and  pointing  to  an  example  of 
what  had  actually  been  accomplished  on  one  line  using  these 
methods,  Mr.  Emerson  mentions  the  reductions  in  cost  of  belt- 
ing, tool  maintenance,  and  locomotive  repairs. 

I  have  just  pointed  out  that  the  high  cost  of  locomotive  repairs 
in  1905  was  due  to  the  shopmen's  strike,  and  the  reduction  in 
1906-7  to  the  termination  of  that  strike.  Who  knows  but  the 
item  of  belting  costs  may  have  been  effected  in  a  similar  manner  ? 

Belting  is  one  of  the  many  items  of  cost  in  connection  with 
shop  tools  and  machinery,  and,  as  Mr.  Emerson  has  clearly 
solicited  credit  for  certain  results  under  qualified  conditions,  it 
would  seem  quite  proper  to  embrace  all  items  of  expense  in  the 
connection  involved  to  make  a  correct  analysis. 

In  speaking  of  the  "  untiring  and  intelligent  support  "  ren- 
dered by  Mr.  Kendrick,  Mr.  Emerson  fails  to  include  many  facts 
to  which  quite  considerable  importance  is  attached  by  others. 

Belting  is  one  of  the  items  in  the  cost  of  shop  machinery  and 
tools  that  Mr.  Emerson  tells  us  was  reduced  from  $12,000  to 
$3,600  per  year.  He  fails  to  state,  however,  that  during  the 
four  years — 1901-4  inclusive — prior  to  his  employment  by  the 
road,  there  were  expended  the  following  amounts : 

Shop   machinery  and  tools,   additions   and  betterments..     $    732,682 
Shop   machinery   and   tools,   maintenance   of   equipment.  .       1,353,996 

Total    $2,086,678 

Cost  of  new  engines  and  cars  $15,810,125 

Other  expenses   (a  new  item  of  expense)    1,474,210 

Increased   cost   of   supervision    mechanical    department..  765,235 

Total  of  four  items    $20,136,248 

and  these  on  four  items  alone,  and  that  during  the  same  period 
expenditures  were  equally  as  liberal  in  other  directions,  all  kinds 
of  materials  and  supplies  being  secured  in  such  quantities  as  to 
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insure  protection  against  such  emergencies  as  are  liable  to  arise 
on  a  large  system  under  strike  conditions. 

Consequently,  at  the  time  of  Mr.  Emerson's  employment,  there 
were  on  hand  large  quantities  of  finished  parts  of  locomotives, 
belting,  etc.,  and  to  make  any  claim  whatever  for  economies 
effected  on  the  single  item  of  belting,  at  one  shop  only  and  for 
one  year,  without  showing  the  actual  purchases,  quantity  on  hand, 
and  issues  for  a  sufficient  length  of  time  at  all  points  of  the  sys- 
tem, not  only  invites  suspicion  as  to  its  validity,  but  excludes  any 
figures  produced  from -the  statistical  class. 

It  would  be  an  easy  matter  for  any  employee  whate\er  to  dis- 
tribute the  stock  as  to  show  a  reduction  in  the  quantity  purchased 
for  one  year  at  one  point. 

On  a  certain  representative  trunk  line  the  operating  expenses 
last  year  were : 

Total    $70,768,251.57 

Maintenance    of    equipment    16,636,145.45 

Maintenance  of  shop  machinery  and  tools   324,420.41 

Ratio  of  maintenance  of  shop  machinery  and  tools 

to   operating    expenses    .0045 

Ratio  of  cost  of  belting  to  maintenance  of  equip- 
ment      "Not  given" 


Somewhere  in  an  expense  item  that  amounts  to  about  two 
per  cent,  of  the  cost  of  maintenance  of  equipment  and  less  than 
one-half  of  one  per  cent,  of  the  total  operating  expenses  can  be 
found,  by  diligent  search,  the  infinitesimal  item  of  belting  costs — ■ 
the  alleged  economies  from  which  are  offered  as  an  endorsement 
of  the  Scientific  Management  of  Railways. 

With  reference  to  the  problems  which  Mr.  Emerson  states 
were  demanding  solution  on  the  Santa  Fe  in  1904,  I  note  he 
quotes  the  increase  of  freight  business  at  40  per  cent,  and  of 
passenger  business  at  30  per  cent,  in  three  years,  this  to  be 
handled  with  almost  no  increase  in  equipment,  and  without  time 
to  increase  shop  facilities.  These  statements  do  not  harmonize 
very  well  with  the  figures  shown  in  the  company's  annual  reports, 
which  are  doubtless  authentic.  These  reports  contain  the  follow- 
ing with  regard  to  increased  equipment  and  exi>ense  for  shop 
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facilities  for  three  years  prior  to  1904,  and  for  the  years  1904, 
1905,  1906,  and  1907: 

Table  "K" 


1 
1" 

No. 
new 

freight 
cars 

Shop  machinery  and  tools 

Cost  of 

Year 

1                         1  Cost  of  new 

Additions         Mainfnce       ^"^"^/"^ 

and                     Of           '          "^^"^^ 
betterments      equipment    j 

maint'nce 
of  equipment 

superinten- 
dence 

Other 
expenses 

I9OI 
1902 
1903 
1904 

1905 
1906 
1907 

52!   52 
65207 

19    75 

60  156 

20 1  31 

1141192 

140,128 

1,147 
4,972 
2,231 
2,640 
lOI 

5,033 
5,566 

$     162,572     $     181,168  §       992,899$       50,742'$     129.370 
68,757           283,846        6,807,494          278.228            239,753 
363,494           401,809        3,548,428          310,0161          386,652 
137,859           487,170        4,461,304          326,217  i          718,435 
137,023           486,620               58,434          367,555            817,055 
190,198            367,474        8,994,478          446,287            536,356 
73,981            315,844        8,843,351          599,290            611,744 

Tot. 

470  841 

21,690 

$1,133,884    $2,523,931  $33,7o6,388J  $2,378,335 

$3,439,365 

Total  expenditures,  seven  years $43,181,903 

Average  per  year 6,168,843 

Amount  of  expenditures  1901  to  1903,  inclusive 14,205,228 

Amount  of  expenditures  1904  to  1907,  inclusive 28,976,675 


From  this  table  it  is  very  clear  that,  notwithstanding  hi^ 
statement  to  the  contrary,  the  Santa  Fe  had  increased  their  num- 
ber of  engines  and  cars,  their  shop  machinery,  tools,  and  other 
facilities  very  materially  before  ^Ir.  Emerson's  employment  on 
the  line.  ^Moreover,  the  same  liberal  policy  was  maintained 
following  his  employment. 

All  competent  railway  officers  hold,  and  Mr.  Emerson  agrees, 
that  the  real  measure  of  transportation  efficiency  is  in  reduced 
cost  of  transportation,  or  in  greater  net  earnings,  securing  a 
greater  return  to  the  shareholders  of  the  property.  In  the  items 
of  locomotive  expense,  the  cost  in  cents  per  mile  or  the  cost  in 
dollars  per  engine  per  year  may  advance  on  account  of  the  in- 
creased size  of  locomotives  and  the  increased  cost  of  labor  and 
material ;  but  when  such  is  the  case  there  should  be  a  correspond- 
ingly decreased  cost  per  ton  mile  for  moving  freight,  resulting 
from  the  greater  engine  capacity. 

It  is  shown  in  my  paper,  and  I  here  repeat,  that  the  cost  in 
cents  per  mile  and  the  cost  in  dollars  per  year  for  the  maintenance 
of  locomotives  on  the  Santa  Fe  was  not  materiallv  reduced  by 
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Mr.  Emerson's  methods.  It  did  drop  from  $4,165  to  $3,036 
per  engine  per  year  on  account  of  the  ending  of  the  machinists' 
strike.  Since  this  drop,  however,  it  has  gradually  increased.  In 
fact,  eight  of  the  principal  items  in  connection  with  locomotive 
statistics  have  increased  and  only  one — locomotive  mileage — has 
decreased.  Even  with  the  increased  size  of  locomotives,  the  cost 
per  ton  mile  for  moving  freight  has  not  been  reduced  to  what  it 
was  in  1904  by  almost  22  per  cent.  Also,  the  cost  per  "  road 
unit  "  for  locomotive  maintenance  is  higher  than  in  1900. 

In  order  to  more  clearly  emphasize  these  items  of  expense,  etc., 
I  have  reproduced  them  on  the  graphic  chart  L,  shown  on  the 
following  page. 

In  the  presentation  of  and  comments  on  the  Saiita  Fe  statis- 
tics (pages  21  to  26  and  Table  E,  page  23  of  my  paper)  the  point 
v/as  established  that  the  reductions  in  1906  and  1907  were  the 
result  of  a  return  to  normal  conditions,  with  the  double  advan- 
tage of  freedom  from  the  expensive  exactions  of  shop  commit- 
tees and  full  benefit  of  all  economies  that  could  be  derived  from 
the  interrupted  introduction  of  such  improved  methods  as  were 
net  possible  in  the  shops  prior  to  the  strike. 

Consequently  the  unit  cost  per  engine  per  year  or  per  mile 
run  should  have  fallen  considerably  below  the  costs  prior  to  the 
strike,  since  the  combined  economics,  which  included  some  841 
new  engines,  should  have  more  than  offset  the  increased  cost  of 
labor,  material,  and  increased  size  of  locomotives.  The  cost  per 
1,000  ton  miles  should,  without  question,  have  shown  a  marked 
reduction.     That  this  was  not  so  is  clearly  shown. 

In  addition  to  the  p>oints  already  mentioned,  the  chart  brings 
out  the  fact  that  the  term  "  road  unit "  used  by  Mr.  Emerson 
to  measure  the  cost  of  locomotive  maintenance  is  theoretic  and 
fallacious.  The  unit  is  an  imaginary  one,  derived  by  an  arith- 
metical calculation,  thus : 


Mileage  x  average  weight  of  drivers  in  pounds ^j     ri  TJn't 

1,000,000 


It  is  at  once  manifest  that  the  addition  of  a  large  number 
(841)  of  extremely  heavy  engines  and  the  retirement  of  many 
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light  ones  (culling-out,  of  course,  those  in  the  worst  physical 
condition)  would  increase  the  multiplier  used  in  this  formula  to 
such  an  extent  that  the  "  road  units  "  would  be  "  jumped  "  out 
of  sight,  as  it  were.  Consequently,  the  cost  per  unit  obtained  by 
dividing  the  cost  of  locomotive  repairs  by  this  unit  would  be 
apparently  reduced  as  if  by  magic,  even  when  the  actual  expense 
was  on  the  increase.  This  is  precisely  what  occurred  on  the 
Santa  Fe. 

A  study  of  the  Chart  L  in  conjunction  with  Table  E  will 
render  this  very  clear  to  anyone,  even  though  unfamiliar  with 
railway  statistics. 

The  great  economies  alleged  to  have  been  effected  on  the 
Santa  Fe  have  been  estimated  at  $5,000,000,  the  figure  having 
been  obtained  by  comparing  locomotive  costs  on  the  basis  of  the 
number  of  "  road  units  "  in  1906-7  as  against  1904-5.  It  has 
not  been  explained,  however,  that  the  "  road  unit  "  w^as  so  much 
enlarged  in  the  interim  as  to  give  a  dififerent  result  when  used 
as  a  divisor  into  the  locomotive  maintenance  cost. 

A  tabulated  display  of  the  total  expenditure  for  maintenance 
of  equipment,  together  with  the  average  expenditure  per  mile  of 
line  operated  and  average  cost  per  engine  per  year,  copied  from 
the  company's  annual  report  1897  to  191 1,  inclusive,  is  given 
here  for  reference : 


Year  ending 
June  30. 

Average  operated 
mileage. 

Total  expenditure. 

Expenditure  per 
mile. 

Cost  per  engine 
per  year 

1897 

6,443.81 

$  3,443,884.82 

$    534-45 

1898 

6,936.02 

4,659,277.99 

671-75 

1899 

7,032,62 

4,810,795.64 

684.07 

1900 

7.341-34 

5,267,832.40 

717-56 

$2,096 

190I 

7,807.31 

6,257,456.57 

801.49 

2,858 

1902 

7,855-38 

7,864,951.25 

1,001.22 

3.156 

1903 

7.965-13 

8,510,543.09 

1,068.48 

3.040 

1904 

8,179-59 

10,006,135.41 

1,223.31 

3.772 

*i905 

8,305.40 

10,914,864.47 

1.314-19 

4.165 

*I906 

8,433-99 

10,720,040.43 

1,271.05 

3,101 

*i907 

9,273-15 

11,779,846.64 

1.270.32 

3.036 

1908 

9.415.01 

14,246,621.44 

1.513-18 

3.713 

1909 

9,794.86 

13,903.897-37 

1.419-51 

3.132 

1910 

9.916.33 

15,560,047.44 

1,569-13 

3.832 

1911 

10,350.13 

16,686,145.45 

1,612.17 

4.544 

*High  cost  in  1905  due  to  machinists'  strike,  and  reduction  in  1906  and  1907  following  its 
termination. 
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To  further  demonstrate  the  fallacy  of  the  "  road  unit  "  theory 
as  a  basis  of  maintenance  cost,  attention  is  invited  to  the  relative 
weights  of  certain  locomotives  on  the  Santa  Fe  system  prior  to 
and  during  the  period  1905-7. 

On  June  30,  1905,  the  Santa  Fe  owned  1,454  engines,  with 
an  average  weight  on  drivers  of  50  to  117.29  tons. 

Among  this  equipment  there  were  89  engines,  or  6.1  per 
cent,  only,  that  weighed  over  100  tons  on  drivers.  Moreover, 
1,122,  or  yj  per  cent,  of  the  total  number,  averaged  only  about 
59  tons  on  drivers,  and  among  these  were  over  700,  or  about  50 
per  cent.,  Mogul,  ten- wheel,  and  Consolidation  freight  engines 
that  would  average  about  65  tons  on  drivers. 

From  these. figures  it  must  be  clear  that  with  a  preponderance 
of  such  light  engines  the  "  road  unit  "  would  be  low  and  the 
road  unit  cost  would  consequently  appear  high,  although  the 
actual  maintenance  might  be  economical. 

Mr.  Emerson  points  out  the  very  low  efficiency  with  which, 
in  his  opinion,  operating  facilities  are  nowadays  being  employed, 
and  endeavors  to  show  that  this  low  efficiency  is  responsible  for 
the  construction  of  unnecessary  locomotives,  cars,  and  line; 
therefore,  the  investment  in  these  facilities  must  be  considered  as 
unwise  or  unnecessary.  He  clearly  emphasizes  the  conclusioji 
in  his  remarks  when  he  says : 


"  American  locomotives  average  about  75  miles  per  day.  A  good 
team  of  Yukon  dogs  will  go  this  distance.  Freight  cars  average  25 
miles  per  day.  A  postman  walks  this  distance  daily.  A  horse  will 
in  emergency  exert  eight  times  his  power.  Let  us  learn  from  Dogs 
and  Horses  how  to  maintain  high  averages  and  meet  emergencies. 

"  The  same  law  applies  to  track — more  miles  than  are  needed, 
few  trains  per  day  using  the  track.  Who  can  deny  that  there  is  a 
larger  quantity  of  railroads  than  needed?  The  records  for  1910  for 
the  United  States  show  eighty-one  (81)  abandoned  railroads.  That 
so  many  of  them   fail  to  pay  dividends   proves  it." 


From  this  it  is  clear  that  not  only  does  Mr.  Emerson  believe 
our  railways  to  be  shamefully  mismanaged,  but  that  also  a  vast 
amount  of  capital  has  been  wasted  in  tlieir  construction,  equip- 
ment, and  operation. 
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Reviewing  in  detail  I\Ir.  Emerson's  criticisms  epitomized  in 
the  foregoing  syllabus  form : 

American  passenger  locomotives  regularly  make  from  50 
to  70  miles  per  hour  with  trains  of  from  300  to  500  tons  in 
weight,  while  heavy  freight  engines  make  from  100  to  150  miles 
per  day  with  trains  varying  from  2,000  to  as  high  as  6,000  tons 
in  weight.  The  low  general  average  mileage  of  all  locomotives 
quoted  is  secured  by  dividing  the  total  mileage  of  all  locomotives 
owned,  which  includes  thousands  of  engines  standing  in  shops 
receiving  repairs,  held  to  go  in  shops,  or  in  good  order,  but  held 
ready  for  emergency  use. 

If  the  mileage  made  by  all  the  dogs  in  the  United  States  and 
the  high-speed  dogs  in  Alaska  were  averaged  on  the  same  basis 
as  that  of  the  locomotives — that  is,  by  equating  the  tonnage — it 
is  safe  to  say  that  the  average  dog  mileage  per  day  would  be 
less  than  two  miles.  Also,  if  the  power  exerted  by  all  horses 
were  similarly  averaged,  it  would  likely  indicate  less  than  one- 
half  horsepower  as  an  average.  The  average  performance  of 
the  inhabitants  of  the  United  States  would,  too,  probably  be  less 
than  one-quarter  their  full  capacity. 

The  apparent  low  average  of  freight  cars  is  arrived  at  by 
Mr.  Emerson  in  the  same  way  as  that  of  the  locomotives,  and,  on 
analysis,  reflects  more  unfavorably  on  the  patrons  of  the  carrj^- 
ing  lines  than  on  the  management. 

The  admonition  that  we  learn  from  "  dogs  and  horses  "  how 
to  maintain  high  averages  is  nothing  more  nor  less  than  an  admis- 
sion that  "  Scientific  Management  "  would,  if  forced  on  American 
railways,  practically  subject  all  employees  to  conditions  similar 
to  those  under  which,  as  the  slave  of  man,  a  horse  develops  eight 
times  its  normal  power  or  a  Yukon  dog  team  travels  75  miles 
a  day.  Neither  the  officers  nor  employees  of  American  railways 
will  ever  consent  to  the  adoption  of  any  plan  or  scheme  that  is 
predicated  upon  a  standard  of  efficiency  established  by  dumb 
brutes  under  the  lash. 

Passing  from  the  items  of  locomotives  and  cars,  we  are  next 
told  by  Mr.  Emerson  that  there  are  too  many  railroads,  and  that 
81  roads  were  abandoned  in  19 10. 

As  a  preliminary'  to  taking  up  the  main  points  in  regard  to 
abandoned   lines,    I   will   enter  the   following  table   of   railway 


Scientific  Management  in  Railway  Operation.     399 

mileage  b}^  years,  from  1890  to  19 10,  with  ratio  per  100  square 
miles  of  country,  etc. : 

Table  Showing  Mileage. 

Miles  of  line  per  100  square  miles  territory,  total  of  all  mileage,  and  per  cent,  of 

increase  over  i8go. 


Miles  of  line  per    j  Total  mileage  all 
Miles  of  line.         loo  square  miles       yards  and  other 


of  territory. 


tracks. 


Per  cent,  of 
increase  over 
1890. 


I9IO 

1905 
1900 

1895 
1890 


239.652 
217,018 
192,941 
179,176 
159,272 


8.07 
7-34 
6.51 
6.08 

5-51 


348,909 
306,798 
258,784 
236,894 
208,612 


67.2 
42.2 
24-5 
13-5 


Comparative  mileage,  and  mileage  per  100  square  miles  of  territory,  in  nine   (p) 

different  countries. 


Belgitim 

Great  Britian  and  Ireland 

Germany 

Switzerland 

Netherlands 

Denmark 

France 

Austria-Htmgary 

United  States 


Miles  of  line 

Miles  of  railway. 

per 

100  square 
miles. 

5,038 

44-3 

23,103 

19.1 

36,601 

17-5 

2,814 

175 

2,240 

I5-I 

2,160 

14-5 

29,836 

14-5 

26,434 

lO.I 

239,652 

8.07 

From  the  first  table  it  will  be  observed  that  the  total  mileage 
has  increased  67.2  per  cent,  during  the  past  twenty  years. 
Nevertheless,  the  ablest  authorities  on  this  subject  have  repeat- 
edly gone  on  record  as  having  stated  that  we  are  badly  in  need 
of  many  billion  dollars'  worth  of  additional  tracks,  yards,  ter- 
minals, shops,  motive  power,  equipment,  etc.  Mr.  Emerson 
now  says  there  is  too  much  mileage. 

A  further  and  clearer  analysis  of  this  point  is  made  by 
considering  the  number  of  railways  that  underwent  changes  dur- 
ing the  years  1908  and  1909,  and  from  the  following  table  given 
it  should  be  possible  to  draw  definite  conclusions : 
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Summary  of  Changes  in  List  of  Railways 
During  the  years  IQ08  and  iqoq. 


1908 

J3 
Be 

a 

<u    . 

< 

1909 

J3 

Class. 

1 

Line 
owned 
miles 

Line 

operated 

miles 

u 
S 

Line 
owned 
miles 

Line 

operated 

miles 

s 
0    . 

2S 

< 

Reorganized 

7 

230.30 

166.86 

23-83 

I 

42.5.1 

42.51 

42.51 

Consolidated .... 

15 

1. 130.53 

696.04 

46.40 

10 

287.68 

285.00 

28.50 

Merged 

39 

1.345-73 

471-65 

12.02 

63 

9,812.76 

2,260.74 

35.78 

Name  changed. . . 

3 

57-25 

64-43 

21.71 

5 

52.03 

47-75 

9-55 

Abandoned 

30 

305-09 

260.75 

8.69 

29 

258.38 

189-38 

6.53 

Miscellaneous. . .  . 

33 

616.06 

621.76 

18.84 

47 

823.80 

877.20 

16.53 

Total 

127 

3,684.96 

2,283.49 

17.98 

155 

11,257.16 

3.702.58 

23.88 

Total  mileage  in  United  States,  1909 342,351 

Miles  abandoned 260 

Per  cent,  of  total 

Miles  of  line  added  in  1909 8,705 

Miles  abandoned  in  1909 260 

Net  mileage  added  in  1909 8,445 

Per  cent,  mileage  added  in  excess  of  abandoned  com- 
panies   


.07 


3-2-; 


Three  thousand  two  hundred  and  forty-eight  per  cent,  more 
lines  were  added  than  were  abandoned,  and  the  ablest  authorities 
still  say  we  need  billions  of  dollars  for  more  tracks,  etc. 

It  is  clear  from  the  table  that  the  number  of  lines  abandoned 
does  not  in  the  aggregate  represent  very  much  mileage.  The 
average  length  of  each  line  abandoned  in  1908  was  6.53  miles, 
w^hile  in  1909  it  was  8.69  miles.  In  the  absence  of  details, 
though,  Mr.  Emerson's  statement  might  lead  one  to  think  that 
the  railway  business  in  general  was  so  unprofitable  that  it  was 
rather  rapidly  being  discontinued. 

It  should  also  be  borne  in  mind,  in  connection  with  these 
figures,  that  in  the  development  of  industries  along  the  railway 
lines  it  is  not  an  uncommon  practice  for  the  railway  company 
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to  assist  private  capital  by  constructing  a  branch  line  leading 
out  to  a  mine,  lumber  camp,  etc.,  that  will  not  only  serve  to 
assist  the  development  of  the  country,  but  will  also  provide  addi- 
tional tonnage  for  the  road.  It  is  not  infrequently  the  case,  too, 
that  small  lines  so  incorporated  and  operated  ver}-  profitably  for 
some  years  become  unnecessary  after  the  mine  has  become  ex- 
hausted or  the  lumber  cut  off. 

In  other  cases  the  corporate  name  is  discontinued,  a  small 
road  being  taken  over  by  a  larger  line  with  which  it  connects. 
While  the  records  would  show  the  number  of  such  lines  as  having 
been  abandoned,  a  close  analysis  of  the  mileage  in  the  different 
States  would  reveal  the  facts  of  the  case. 

The  same  is  also  true  of  short  electric  lines,  intersecting  a 
main  steam  railway  at  two  points  and  running  parallel  to  it 
between  those  points.  On  the  taking  over  of  these  by  the  steam 
line  their  mileage  is.  of  course,  added  to  that  of  the  purchasing 
company.  Therefore,  the  plain  statement  that  81  railways  were 
abandoned  in  1910  is  misleading. 

As  further  evidence  on  the  question  of  mileage.  I  would  in- 
vite attention  to  the  following  table  of  new  mileage  added  to 
railways  in  the  United  States  during  the  years  given : 

Year.  Mileage  added. 

1906  5425 

1907  5.362 

1908  3.918 

1909  6,310 

1910  3-751 

or  a  total  of  24,766  for  the  five  years. 

To  this  may  be  appended  the  statement  that  3,066  miles 
were  built  in  191 1  by  146  different  companies. 

With  respect  to  the  question  of  dividends  or  returns  on 
invested  capital  of  railways,  it  is  quite  true  that  many  lines  have 
not  paid  dividends.  In  1909,  35  per  cent,  of  the  stocks  failed  to 
yield  a  dividend,  while  approximately  59  per  cent,  yielded  returns 
of  from  2  to  10  per  cent,  and  about  six  per  cent,  (to  be  exact, 
5.95)  yielded  more  than  10  per  cent,  dividend. 

The    lines   yielding   no   returns   were   usually   located    in   a 

territory  where  public  sentiment — influenced  by  the  attitude  of 

those  who  so  continually  point  to  the  railroads  as  examples  of 

mismanagement — has  been  so  embittered  against  the  roads  as  to 
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render  economic  operation  very  difficult,  if  not  impossible.  The 
remit  is  a  matter  of  no  great  surprise. 

In  referring  to  the  question  of  locomotive  fuel,  Mr.  Emerson 
says :  "  In  various  tests  made  as  to  freight,  passenger,  and 
switch  locomotives,  coal  consumption  has  been  found  to  be  three 
times  what  care  and  supervision  could  reduce  it  to." 

In  other  words,  $123,018,000  of  the  $184,527,000  paid  for 
locomotive  fuel  is  practically  wasted. 

I  have  already  touched  on  some  points  in  regard  to  fuel 
economy  in  reply  to  Mr.  Going,  and  therefore  consider  it  unneces- 
sary to  enter  into  further  details  on  this  subject. 

The  record  of  fuel  used  on  the  test  run  on  the  Lehigh  Valley 
Railroad  on  June  21,  191 1,  referred  to  by  Mr.  Emerson,  does 
not  represent  the  average  conditions  in  railway  operation  by  any 
means;  neither  do  the  results  of  runs  on  other  lines  that  he 
quotes  support  his  claim  that  two-thirds  of  the  fuel  now  used  is 
wasted.  The  Lehigh  Valley  test  record  shows  only  the  fuel  used 
on  a  special  run,  in  which  one  engine  handled  a  train  466.6  miles 
under  conditions  it  would  be  impossible  to  duplicate  in  ordinary 
every-day  practice. 

Therefore  this  comparison  is  of  no  value  so  far  as  locating 
fuel  wastes  and  defining  a  practical  remedy  therefor  are  con- 
cerned, since,  to  draw  it,  is  tantamount  to  saying  that  fuel  per 
ton  or  car  mile  in  excess  of  this  amount  is-  wasted,  and  no  state- 
ment could  be  further  from  the  known  facts. 

THE    BONUS    SYSTEM. 

What  might  be  termed  the  "  acid  test  "  or  ultimate  analysis 
of  the  bonus  system,  the  main  feature  of  Scientific  Management 
on  the  Santa  Fe,  are  the  all-absorbing  questions :  Does  it  actually 
save  money?  If  so,  how  much?  Are  the  savings  effected  on 
certain  operations  more  than  offset  in  others,  the  ultimate  result 
being  a  higher  cost  ? 

Mr.  Emerson  details  the  various  costs  of  certain  operations 
on  the  Santa  Fe  to  support  his  claims  of  great  savings  to  the 
zvhole  company. 

In  my  paper  no  mention  is  made  of  the  amoimts  paid  out  by 
the  Santa  Fe  in  bonuses,  for  the  reason  that  figures  I  received 
on  these  were  given  me  in  confidence.  Mr.  Emerson  having  re- 
lieved me  of  any  necessity  of  betraying  confidence,  however,  by 
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making  public  this  item  of  expense,  I  am  at  liberty  to  discuss 
this  feature  without  embarrassment. 

That  there  may  be  no  misunderstanding  on  the  part  of  anyone 
as  to  what  the  $1,283,000  a  year  expenditure  on  account  of  bonus 
payments  and  supervision  in  19 10  was  really  for,  it  might  be 
explained  that,  under  the  bonus  system,  a  price  or  time  limit  is 
put  on  each  operation  performed,  and  a  premium  or  bonus  is  paid 
the  mechanic  or  operator  for  accomplishing  the  work  in  a  less 
time  than  specified.  This  premium  is  sometimes  extended  to 
those  in  charge  of  the  work.     So  far  it  sounds  all  right. 

Actually,  however,  the  plan  works  out  as  follows : 

The  workmen,  spurred  on  to  their  maximum  speed  by  the 
money  prize  offered  and  finding  willing  allies  in  the  person  of 
the  men  in  charge  who  jointly  profit,  cannot  fail  to  slight  repair 
operations.  The  initial  high-speed  operations  usually  pave  the 
way  for  an  early  repetition,  and  not  infrequently  necessitate  more 
extensive  repairs  in  the  end.  All  this  results  in  an  excessive 
cost  for  maintenance. 

Railway  managers  and  departmental  heads  are  eagerly  seek- 
ing for  and  adopting  plans  whereby  the  unit  cost  of  any  opera- 
tion or  service  can  be  lowered.  Railway  security  holders  are 
interested  in  knowing  how  much  less  is  the  cost  per  engine  per 
year,  or  per  mile  run,  or  per  ton  mile  on  this  line  that  Mr.  Emer- 
son offers  as  an  example  of  the  result  of  such  adoption,  than  on 
other  lines. 

It  is  of  little  comfort  to  shareholders  to  read  that  a  passen- 
ger engine  has  run  234,896  miles  between  shopping,  and  then 
find,  on  inquir\%  that  the  cost  per  engine  that  year  (1910)  was 
$3,832,  or  12.87c.  per  mile,  and  the  next  year  was  $4,544,  or 
1 5.80c.  per  mile,  while  on  another  line,  operating  with  heavier 
power  but  making  less  than  100,000  miles  between  shoppings, 
the  cost  per  engine  per  year  and  per  mile  was  much  less. 

It  is  beyond  the  range  of  possibility  to  suppose  that  in 
America  the  laboring  classes  will  submit,  without  protest,  to  the 
introduction  of  any  plan  or  system  which  in  its  operation  dis- 
criminates in  favor  of  the  man  of  maximum  efficiency  or  in  any 
manner  abridges  personal  initiative  in  any  line  of  human  en- 
deavor. Both  intellectually  and  in  point  of  numbers  they  are 
in  a  position  to,  and  probably  would,  show  their  resentment,  if 
pressed,  in  a  manner  not  pleasant  to  contemplate. 
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The  proposition  of  saving  $730,000,000  a  year  on  American 
railways  without  speeding  up  every  employee  to  the  limit  of 
100  per  cent,  efficiency  and  without  discharging  a  solitary  man 
will  not  be  given  even  passing  consideration  by  the  one  and  three- 
quarter  million  railway  employees,  and  will  be  promptly  dis- 
credited by  the  majority  of  more  than  91,000,000  people  our 
railways  serve. 

Making  the  claim  that  Scientific  ]\Ianagement  elevates  the 
class  of  the  workingman  both  socially  and  financially  might  prop- 
erly be  termed  '"  sugar-coating  a  very  bitter  pill."  to  enable  it  to 
be  forced  down  the  throats  of  their  employers  by  the  manage- 
ments. 

The  practice  has  been,  and  is  now,  to  treat  the  class  of  w^ork- 
ing  people  no  better  than  is  necessary  in  order  to  avoid  diffi- 
culties, and  whenever  an  employer  can  substitute  machinery 
for  men  he  immediately  does  so,  proving  that  he  uses  men  as  a 
means  of  contributing  to  his  interests  only,  and  deals  with  them 
as  with  a  common  commodity  or  article  of  commerce. 

Contra  to  the  above,  the  employees,  particularly  the  more 
strongly  organized  ones  in  railway  sen-ice,  have  in  recent  years 
not  only  done  much  themselves  to  improve  their  financial  and 
social  condition,  but  have  in  many  instances  gone  to  the  extreme 
of  making  unreasonable  demands.  The  general  trend  has  been 
towards  increased  compensation  and  lessened  hours,  even  w^hen 
the  plant  was  already  operating  at  a  loss.  Consequently  there 
has  been,  and  now  exists,  a  condition  calling  for  a  line  of  demar- 
cation between  how  far  the  employees  may  swing  the  pendulum 
in  one  direction  and  the  employers  in  the  other  if  departure  must 
be  made  from  its  position  of  rest. 

This  latter  is  becoming  more  serious  each  year,  and  as  com- 
binations of  capital  and  labor  increase,  the  solution  of  problems 
arising  between  them  will  call  for  ablest  talent  on  both  sides. 
As  men  grow  more  conscious  of  their  birthright  of  personal  dig- 
nity, the  situation  will,  in  all  lines  of  human  endeavor,  become 
more  intensified. 

DETAILS  OF   UNIT   COSTS   ITEMIZED. 

The  various  items  of  unit  costs  of  certain  operations,  of 
hours  worked,  etc.,  with  discussions  thereon,  given  by  Mr.  Emer- 
son, would  be  of  some  interest  if  in  the  end  anv  net  economies 
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were  shown ;  but,  as  the  expenses  of  the  railway  company  in 
question  were  constantly  on  the  increase  all  along  (except  when 
reduced  by  the  ending  of  the  strike),  quotation  of  these  items 
only  tends  to  weaken  the  claims  of  economy.  The  several  tables 
given  in  my  paper  and  in  this  reply  to  Mr.  Emerson  evidence 
this,  and  more  than  cover  the  ground. 

The  question  of  increased  size  of  power  on  the  Santa  Fe  hav- 
ing been  mentioned  by  other  speakers,  I  will,  at  the  risk  of  tres- 
passing on  valuable  time,  give  one  last  example  in  this  connection. 

Take  the  Great  Northern  Railway  Company,  which  is  a 
heavy  freight-carrier  in  the  northern  range  of  the  Rocky  Moun- 
tains, where  the  winters  are  severe,  rendering  operation  more 
costly  than  in  .the  milder  climate  of  the  South.  This  line  has  a 
greater  number  of  Alallet  locomotives  than  any  other  line  in 
America,  if  not  in  the  world.  It  has.  however,  not  yet  employed 
the  Scientific  iManagement  methods  herein  referred  to. 

Anyone  would  feel  safe  in  surmising  that  on  this  railroad  the 
cost  for  locomotive  maintenance  would  be  higher  than  on  the 
Santa  Fe.  That  this  is  not  the  case,  though,  is  shown  by  the 
following  table  of  last  year's  figures  : 


1911. 


Number  of  engines 

and  cost  per  year  and 

mile  to  maintain. 

Average  tractive 

power  and  weight  on 

drivers. 

No. 
Mallet 
engines 

Total 
cost  to 
maintain 
engines. 

No. 
Eng's. 

Cost  per 
year. 

Cost, 
cents. 

Tractive 
power. 

Weight  on 
drivers. 

Great  Northern.. 

Santa  Fe 

Per  cent.  Santa 
Fe  above .  . 

1,169 
i>997 

$2,300 

4,544 

93-65 

9-57 
15.80 

54.60 

33,249      i    140,000 
30,829         132,000 

103 

58 

$2,688,000 

*5,3ii,ooo 

*For  an  equal  number  of  engines. 


Again,  as  so  much  stress  has  been  laid  on  the  increased  cost 
of  maintenance  due  to  the  purchase  and  use  of  Mallet  engines, 
it  might  be  stated  that  the  average  cost  per  engine  per  year 
(including  103  Mallets)  on  the  Great  Northern  for  1910  was 
only  $2,843. 

Using  this  figure  as  a  standard  for  comparison  with  all  the 
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Santa  Fe  engines  except  the  Mallets,  of  which  latter  they  had 
only  35  at  the  time,  we  get  the  following: 

Great  Northern  (1910) ...  .Engines,  1,118;  cost  per  engine         $2,843 

Santa  Fe  (1910) Engines,  1,923;  cost  per  engine  3,832 

Santa  Fe  (less  35  Mallets)  .  .Engines,   1,888;  $2,843  each  5,367,584 

The  cost  of   locomotive  maintenance  in    1910    (see  Table 

E,  page  19)   was    $6,896,894 

Less  cost  of  light  engines  on  Great  Northern  basis 5,367,584 


Leaving  for  the  Mallets  a  remainder  of $1,529,310 

This,  distributed  on  35  engines,  amounts  to   43,694 

If  the  cost  per  engine  per  year  on  all  engines  except  Mallets 
on  the  Santa  Fe  had  even  been  down  to  that  per  engine  per  year 
on  all  engines  on  the  Great  Northern,  the  amount  spent  on  Mallets 
would  still  have  been  $43,000  per  year. 

From  all  view-points,  then,  it  is  impossible  for  Mr.  Emerson, 
or  any  other  advocates  of  Scientific  Management,  to  show  that 
the  system  under  consideration  has  enabled  the  Santa  Fe  to  main- 
tain its  engines  at  a  less  cost  than  on  other  lines  not  employing 
the  system. 

CONDENSED  OR  SHORT  MILEAGE  MOST  ECONOMICAL  TO  MAINTAIN. 

It  is  frequently  pointed  out,  and  with  a  certain  amount  of 
justification,  that  the  longer  the  line,  and  consequently  the  more 
scattered  the  operating  units,  engines,  shops  and  forces,  the 
greater  is  the  maintenance  cost.  These  items  can  quite  properly 
be  compared  for  the  two  roads  just  considered: 


1910. 


Roads. 

Mileage 

Number  engines  and 

miles  to  each 

engine. 

Cost  of  supervision  and  ratio 
per  mile. 

Engines 

Miles  to 
each 

Superintendence 

Ratio 

Great  Northern 

A.,  T.  &S.  F 

7,726 
9,961 

1,118 
1.923 

6.46 
5.12 

24.6 

$178,544.78 
534,564.48 

Per   cent,  cost   per 
mile  Santa  Fe  over 
Great  Northern.  . 

$23.10 
53-66 

Per  cent  of  miles  to  e 
Northern  over  J 

ach  engine  on  Great 
)ante  Fe 

132.29 
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It  may  be  observed  that  the  Great  Northern  power  is  scat- 
tered or  spread  over  24,6  per  cent,  more  territory  per  unit  than 
the  Santa  Fe,  and  although  the  average  tractive  power  of  the 
Great  Northern  engines  is  above  that  of  the  Santa  Fe,  and  the 
Great  Northern  owns  and  operates  twice  the  number  of  Mallet 
engines,  it  may  also  be  observed  that  its  ratio  per  mile  for  cost 
of  superintendence  maintenance  of  equipment  is  about  132  per 
cent,  less  than  the  Santa  Fe. 

The  matter  of  additions,  betterments,  etc.,  to  locomotives, 
cars  and  shops,  etc.,  has  been  in  progress  on  most,  if  not  all, 
trunk  lines  during  the  past  ten  or  fifteen  years,  and  it  is  there- 
fore fair  to  assume  that  the  amount  of  expenditure  on  this 
account  will  compare  favorably  on  lines  handling  practically  the 
same  character  of  business.  So  that  it  would  seem  proper  to 
suggest  that  the  Great  Northern  figures  on  cost  of  maintenance 
of  locomotives  are  indicative  of  a  very  high  degree  of  efficiency 
in  its  mechanical  organization,  while  its  overhead  charge,  or 
expense  for  supervising  its  mechanical  department  (see  Table  F, 
page  21),  reflects  freedom  from  the  unproductive  labor  and 
bonus  costs  on  the  Santa  Fe. 

The  very  able  and  enthusiastic  advocates  of  Scientific  Manage- 
ment might  well  take  heed  of  some  notable  examples  of  men  of 
more  than  ordinary  scientific  or  professional  ability  that  made 
a  sorry  mess  of  certain  practical  problems  in  the  engineering 
line. 

Dr.  Dionysius  Lardner  stands  out  prominently  as  an  example 
of  a  great  scientist  and  mathematician  who  was  believed  by  some 
to  have  been  a  great  engineer. 

When  marine  engineering  was  in  a  state  of  development 
inviting  co-operation  and  assistance  from  all  interests,  Dr. 
Lardner  conceived  the  idea  that  he  was  not  being  consulted  by 
ever}'one  interested  in  the  question,  and  therefore  decided  the 
proposition  was  a  failure.  He  proceeded  to  inform  the  public 
in  general  that  the  men  in  charge  of  the  development  of  this 
form  of  transportation  were  notoriously  inefficient. 

Dr.  Lardner  stated,  in  1835,  that  it  was  as  feasible  to  cross 
the  Atlantic  Ocean  by  steamboat  as  it  was  to  take  a  trip  to  the 
moon.  This  was  sixteen  years  after  a  partially  equipped  steam 
vessel,  the  Savannah,  had  already  crossed ! 

Now  the  statement  is  made  that  the  present  wastes  on  our 
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railways  due  to  inefficiency  are  $730,000,000  a  year.  The  fol- 
lowing table  shows  these  figures  in  their  relation  to  the  amount 
per  capita  of  our  national  debt,  railway  employees,  railway  share- 
holders and  officers : 


Items 

Amount  in  money  1                        Classification 

Amount 
per  capita 

National  debt .  .  . 
Railway  wastes .  . 
Railway  wastes.  . 

$926,982,773.55  U.  S.  population 91,000,000 

730,000,000.00  Railway  employees.  .  .    1,502,000 
730,000,000.00  'Railway  shareholders.    1,000,000 

730,000,000.00  Railway  officers 13.514 

10.16 
486.03 
730.00 

Railway  wastes .  . 

$54,018.00 

Less  average  yearly  •compensation  to  officers 

2,502.00 

Average  yearly  preventable  net  waste  chargeable  to  each  officer .... 

$51,516.00 

Time  required  for  alleged  railway  wastes  to  offset  national  debt,  i  year  3 
months  8*  days. 

It  may  be  of  interest  to  note  that  if  each  officer  were  held 
responsible  for  an  equal  share  of  the  $730,000,000  which  Mr. 
Emerson  claims  is  being  wasted,  the  deficit  charged  to  each  would 
be  over  $50,000.  It  is  the  publication  of  such  visionary  proposi- 
tions as  this  that  poisons  the  public  mind. 

In  closing,  the  following  extracts  from  the  editorial  comments 
of  the  principal  railway  paper  of  this  country  will  make  it  very 
clear  to  all  that  there  is  not  the  slightest  similarity  between  the 
methods  employed  in  securing  that  high  standard  of  efficiency 
essential  to  a  well-operated  railway  and  the  alleged  newly- 
discovered  Scientific  Management : 


THE  EFFICIENCY  ENGINEER. 

While  we  have  taken  great  pains  to  advise  our  readers  frankly 
of  the  mistakes  that  have  been  made  by  the  efficiency  engineers,  we 
have  taken  equal  pains  to  reiterate,  time  and  again,  our  belief  in  the 
importance  of  giving  more  thought  to  the  principles  underlying 
efficient  work. 

The  danger  of  this  discussion,  as  we  have  said  before,  is  that 
some  managers  may  be  deluded  into  thinking  that  the  efficiency 
engineer,  or  some  of  the  features  commonly  connected  with  Scientific 
Management,  will  be  the  panacea  for  all  his  troubles,  and  will  jump 
from  the  frying-pan  into  the  fire. 

When  the  system   craze   spread   over  the   country,   a   number  of 
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years  ago,  many  concerns  who  rushed  into  the  introduction  of  it 
on  a  large  scale  overdid  it,  and  not  a  few  of  them  were  forced  into 
bankruptcy.  A  certain  amount  of  it  proved  to  be  a  good  thing,  but 
the  employment  of  some  of  the  system  engineers,  who  sprang  up 
like  mushrooms  in  a  night,  proved  to  be  anything  but  advantageous. 
It  is  curious  to  watch  the  rapid  development  in  a  similar  manner 
of  the  crop  of  efficiency  engineers  (at  least  they  call  themselves 
such),  many  of  whom  have  had  practically  no  experience  and  can 
lay  little  more  claim  to  the  title  than  that  they  have  read  a  book 
or  two  on  the  subject. 

The  fads  and  fancies  that  have  been  adopted  in  manufacturing 
or  railway  shop,  then  dropped  like  hot  cakes,  remind  us  of  Ponce 
de  Leon  in  his  search  for  the  Fountain  of  Youth.  What  a  scrap 
heap  some  of  them  made ! 

Just  as  the  electric  engineers  disagree  among  themselves  on  the 
best  methods-  of  electrifying  railways  (and  so  many  good  engineers 
believe  trunk  lines  will  never  be  electrified),  so  the  efficiency  engi- 
neers each  seem  to  distrust  the  other.  Taylor,  Gantt,  Emerson, 
Barth,  and  Morrison  in  many  instances  actually  contradict  each 
other. 

The  articles  on  the  mistakes  of  efficiency  men  suggest  that 
some  of  them,  who  placed  themselves  in  the  limelight  during  the 
past  few  months,  have  been  extremely  careless  in  their  statements. 
A  railway  officer,  who  is  a  keen  student  of  men,  in  speaking  of  one 
of  these  efficiency  engineers  said  recently : 

As  an  expert  statistician  and  a  dreamer  of  lofty  ideals 
he  has  fczi.',  if  any,  equals.  Those-  ivho  knozi'  him  best  regard 
hint  as  one  possessed  of  a  born  gambler's  instinct.  Not  nec- 
essarily faro,  roulette,  or  poker,  but  in  taking  long  chances 
on  making  sfate)nents  that  neither  he  nor  anyone  else  can 
substantiate,  and  trusting  to  Providence  that  they  tvill  be 
accepted  without  verification. 

A  saving  of  5  per  cent,  on  25  per  cent,  of  a  machine  shop  paj^- 
roU  in  railway  operation,  where  the  entire  mechanical  department 
expense  is  only  about  20  per  cent,  of  the  total  operating  expense, 
is  hardly  to  be  classed  with  the  extravagant  claims  persistently 
made  in  the  past  few  months  with  respect  to  the  management  of 
railway  properties  by  this  plan. — Railu'ay  Age,  April  7,  igii. 

The  railways  need  much  assistance  in  many  ways,  and,  as 
stated  in  the  closing  paragraph  of  my  paper,  the  greatest  help 
to  those  charged  with  the  responsibility  of  management  would 
be  a  combined  effort  on  the  part  of  all  to  introduce  the  more 
liberal  policy  of  friendly  feeling  towards  them,  instead  of  holding 
them  up  before  the  public  as  examples  of  wasting  by  mismanage- 
ment several  hundred  million  dollars  a  year. 


4IO  Current  Topics. 

20,000-Kilowatt  Turbo-generator  at  New  York  Edison 
Company's  Station.  {Elect.  Rev.  and  West.  Electn.,  lix,  967.)  — 
The  turbine  is  of  the  vertical  type  built  by  the  General  Electric 
Company.  The  base  dimensions  are  17  feet  6  inches  by  17  feet; 
height  above  floor,  35  feet  7  inches  ;  height  of  foundation  above 
basement  floor,  10  feet;  area  occupied.  279  square  feet;  nominal 
rating  of  turbine,  30,000  horsepower;  diameter  of  wheels,  13  feet; 
total  number  of  wheel  buckets,  7,200;  approximate  bucket  velocity, 
6  miles  per  minute.  The  generator  is  of  4-pole,  3-phase,  25-cycle 
type,  operating  at  6,600  volts,  750  revolutions  per  minute.  Capacity, 
20,000  kilowatts.  Steam  consumption,  guaranteed,  at  175  pounds 
pressure  by  gauge,  28.5  inches  vacuum,  superheat  100°  F.,  is  as 
follows : 

Steam,  pounds  per  Total  steam  per 

LoadinK.W.  K.W.  anhour.  hour,  pounds. 

10,000  15  150,000 

15,000  14.4  216,000 

20,000  15  300,000 

Each  turbine  requires  400  tons  of  coal  per  day ;  86,000,000  gallons 
water  for  condensing,  and  80,000  cubic  feet  per  minute  of  air  for 
cooling  the  generator  windings.  Three  turbine  units  occupy  a 
space  formerly  taken  up  by  four  3,500-kilowatt  engine-driven 
units.  The  Waterside  stations  of  the  New  York  Edison  Company 
have  a  capacity  of  500,000  horsepower.  They  have  a  total  of  1,114 
miles  of  mains,  feeders,  and  cables  in  their  underground  system, 
and  supply  electric  energy  over  twenty-one  square  miles  of  Man- 
hattan and  about  forty  square  miles  of  the  Borough  of  Bronx. 

The  Calcium  Carbide  Industry.  {Times,  Eng.  SiippL,  Dec. 
2y,  191 1.) — In  the  choice  of  a  site  for  a  carbide  factory  the  chief 
factors  which  have  to  be  considered  are  cheap  supplies  of  raw 
materials,  lime  or  limestone  and  coke  or  anthracite,  and  of  power. 
Most  of  the  large  works  have  been  established  in  places  where  a 
practically  unlimited  supply  of  water  power  is  available,  especially 
in  Norway,  where  there  are  also  large  deposits  of  limestone.  The 
limestone  must  be  free  from  magnesia,  and  especially  from  phos- 
phorus compounds.  Rather  more  than  the  theoretical  amount  of 
lime  is  used,  viz.,  2,000  pounds  of  lime  to  1.200  pounds  of  anthra- 
cite per  ton  of  carbide.  The  manufacture  is  conducted  in  electric 
furnaces  provided  with  two  inclined  electrodes  capable  of  maintain- 
ing a  temperature  of  about  3,038°  C.  (5,500°  F.).  In  a  modern 
works  a  furnace  takes  about  1,500  kilowatts,  and  produces  50  to 
60  tons  of  carbide  per  week.  On  a  moderate  scale  the  power  con- 
sumption is  estimated  at  about  one  electric  horsepower  per  year  per 
ton  of  carbide,  but  in  very  large  installations  the  power  consump- 
tion is  much  lower.  For  example,  at  Odda  more  than  30.000  tons 
of  carbide  are  produced  per  year  by  six  turbo-alternators  of  about 
4,000  horsepower  each,  and  one  of  these  serves  as  a  stand-by. 
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DEFLECTION    POTENTIOMETERS    FOR    CURRENT    AND 
VOLTAGE    MEASUREMENTS/ 

By   H.   B.   Brooks. 

In  the  deflection  potentiometer  the  galvanometer  is  nor- 
mally deflected,  due  to  the  passage  of  the  current  through  it,  in- 
stead of  being  merely  a  null  instrument,  as  was  formerly  the 
case  with  potentiometers.  Previous  work  of  the  author  ^  is  ex- 
tended and  generalized  so  that  the  same  instrument  may  be  used 
for  both  current  and  voltage  measurement,  and  two  new  models 
are  described.  The  general  theory  has  been  worked  out  in  de- 
tail. 

The  design  of  the  deflection  potentiometer  requires  such  an 
arrangements  of  circuits  that  the  current  through  the  galvanom- 
eter is  properly  taken  account  of,  and  that  the  sensitivity  of 
the  galvanometer  be  the  same  whatever  the  dial  setting.  This  is 
most  easily  accomplished  by  arranging  for  a  constant  total  re- 
sistance in  the  galvanometer  circuit. 

In  these  new  models,  pivoted  galvanometers,  as  well  as  the 
regulating  rheostats  for  the  battery  circuit,  are  built  into  the 
potentiometer.  Two  pairs  of  binding  posts  are  provided  for  con- 
venience, one  for  current  and  one  for  voltage  measurements,  ar- 
ranged for  connection  to  shunts  and  volt  boxes,  respectively.  A 
double-throw  switch  enables  one  to  change  very  quickly  from 
one  to  the  other,  and  a  second  switch  admits  of  a  similar  change 
from  the  unknown  emf.  to  the  standard  cell  without  changing 
the  dial  setting.  A  dial  is  added  which  allows  the  use  of  any 
unsaturated  Weston  cell  whose  value  is  from  1.0180  to  1.0190 
volts  inclusive.  The  galvanometer  key  has  a  protective  resistance 
which  is  cut  out  on  full  depression.  Each  model  has  but  a  single 
dial,  the  last  three  figures  being  read  by  deflection  of  the  galva- 

*  Bureau  of  Standards,  Reprint  172. 

'  Bull,  of  Bureau  of  Standards,  2,  p.  225,  1906. 

(Reprint  No.  33)    4,  p.  275,   1908. 

(Reprint  No.  79). 
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nometer.     Both  instruments  were  built  by  Leeds  &  Xorthrup, 
and  the  galvanometers  by  \\'eston. 

In  "  Model  3,"  which  was  designed  for  general  laboratory 
and  testing  work,  the  main  dial  has  30  steps  of  0.05  volt  each, 
and  the  galvanometer  may  be  read  to  0.0001  volt,  or  i/i 5000th 
of  full  scale.  For  current  measurements  ordinary  precision 
shunts  may  be  used,  but  for  voltage  measurements  a  special  volt 
box  is  required ;  convenient  values  of  the  ratio  adopt  the  instru- 
ment to  3,  15,  30,  75,  150,  and  300  volts. 

"  Model  5  "  was  designed  especially  for  photometric  work, 
and  is  a  high-resistance  instrument  in  order  that  the  correction 
for  the  current  taken  by  the  volt  box  may  be  small. 

The  instruments  are  sensitive  to  less  than  o.o.i  per  cent,  of 
full  scale  reading,  and  the  precision  is  at  least  0.03  per  cent. 
They  are  thus  intermediate  between  deflection  instruments  and 
standard  null  potentiometers,  having  ten  times  the  sensitivity 
of  the  former  and  one-tenth  that  of  the  latter.  This  makes  them 
especially  well  adapted  for  commercial  and  engineering  measure- 
ments, calibration  of  instruments,  etc.,  as,  recjuiring  no  external 
galvanometer,  they  may  be  carried  from  place  to  place,  are  not 
subject  to  star}'  field  errors,  and  may  be  used  on  fluctuating  volt- 
ages, as  the  galvanometer  is  quick  and  critically  damped. 

p.  G.  A. 


OUTLINE  OF  DESIGN   OF  DEFLECTION   POTENTIOMETERS, 

WITH   NOTES   ON   THE   DESIGN   OF   MOVING   COIL 

GALVANOMETERS.i 

By   H.    B.   Brooks. 

The  galvanometer  is  the  central  and  important  feature  in 
the  design ;  its  constants  determine  what  can  l^e  obtained  in  the 
way  of  sensitiveness  of  reading,  speed  of  working,  resistance  of 
volt  box,  and  resistance  of  the  circuits.  The  total  resistance  in 
the  galvanometer  circuit  should  have  the  proper  value  for  the 
condition  of  critical  damping.  This  is  a  frequently  neglected 
but  very  important  galvanometer  constant. 

One  will  usually  try  to  adapt  some  existing  type  of  galva- 

^  Bureau   of   Standards,   Reprint    173. 
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nometer,  using  it  as  a  starting  point  and  making  changes  until 
proper  constants  are  obtained.  A  regular  procedure  is  developed 
for  this  purpose,  starting  with  proper  \alues  of  torque  and 
weight,  and  taking  into  consideration  the  flux  density  in  the  air 
gap,  length  of  air  gap.  number  of  turns  on  moving"  coil,  size  of 
coil,  area  and  shape  of  pole  pieces,  etc.  The  total  critical  resist- 
ance should  be  from  five  to  ten  times  the  coil  resistance,  and  the 
period  should  be  short,  i  to  1.5  seconds.  This  calls  for  a  rather 
high  value  of  the  flux  in  the  air  gap,  from  1.500  to  2.000. 

General  formulas  are  developed  for  the  design  of  deflection 
potentiometers,  and  as  a  numerical  example  the  complete  design 
of  the  1.5-volt  instrument  described  in  the  previous  paper  is 
worked  out  in  detail.  p.  g.  a. 


RESISTANCE   COILS   FOR  ALTERNATING   CURRENT   WORK.i 
By  H.  L.  Curtis  and  F.  W.  Grover. 

Ix  an  ideal  resistance  coil  for  alternating  current  work  two 
requirements  need  to  be  fulfilled  in  addition  to  those  which  are 
of  importance  in  direct  current  work,  vis. :  ( i )  the  resistance 
must  be  independent  of  the  frequency,  and  (2)  the  phase  angle 
must  be  zero.  ]\lany  of  the  resistance  coils  in  use  at  the  present 
time  do  not  even  approximately  fulfil  these  conditions.  This 
paper  attempts  to  set  forth  the  principles  which  must  be  followed 
in  the  construction  of  satisfactor\^  resistance  coils  for  alternating 
current  work,  and  to  show  how  to  apply  them  to  the  design  and 
construction  of  several  coils  of  dift'ereut  denominations. 

The  most  important  thing  in  the  design  of  a  coil  whose  phase 
angle  is  to  be  small  is  to  wind  it  in  such  a  way  that  its  inductance 
will  be  a  minimum.  However,  there  are  three  other  efifects  which 
need  to  be  considered  in  the  discussion  of  the  phase  angle,  viz.; 
(i)  "skin  effect,"  (2)  capacity  between  the  wires,  and  (3) 
absorption  in  the  dielectric  between  the  wires.  Each  of  these 
three  causes  also  gives  rise  to  a  change  in  the  effective  resistance 
of  the  coil  when  used  with  different  frequencies  of  alternating 
current. 

Formulas  have  been  developed  for  computing  the  value  of  the 

^Bulletin  of  the  Bureau  of  Standards,  Reprint  177. 
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"  skin  effect."  By  means  of  these  it  can  be  shown  that,  with 
the  size  of  wire  usually  used  with  coils  having  a  resistance  of  one 
ohm  and  larger,  the  "  skin  effect  "  is  in  all  cases  negligible. 

The  capacity  between  the  wires  is  in  parallel  with  their  resist- 
ance and  inductance,  and  is  distributed  along  their  length.  li  R' 
is  the  effective  resistance  of  a  bifilar  coil  and  its  phase  angle, 
then  to  a  first  approximation 

piL-jCR') 
tan  1?  =^  B ~ 

where  R  is  the  ohmic  resistance  of  the  coil,  L  its  inductance,  C 
the  capacity  between  the  two  wires,  and  p  is  2iz  times  the  fre- 
quency. From  this  we  see  that  R'  =  R  and  ^  ^=  o  only  under 
the  condition  that  both  L  and  C  are  zero:  While  this  cannot  be 
accomplished  in  practice,  yet  if  L  is  made  as  small  as  possible  and 
if  L  —  CR^  =  o,  then  the  phase  angle  will  be  zero>  and  the  change 
in  resistance  with  frequency  negligible.  With  coils  having  low 
resistance  (less  than  10  ohms)  it  is  difficult  to  make  the  capacity 
large  enough  to  make  L  —  CR^  =  o ;  but  with  coils  of  high  re- 
sistance (1,000  ohms  and  over)  the  capacity  is  usually  much 
larger  than  it  should  be.  Between  these  extremes  satisfactory 
coils  can  be  constructed  without  great  difficulty. 

In  case  alternating  current  is  used,  the  absorption  of  a  poor 
dielectric  between  the  wires  may  produce  an  apparent  leakage 
between  turns  where  the  direct  current  insulation  resistance  is 
sufficiently  high.  The  magnitude  of  the  effect  of  this  upon  the 
resistance  of  the  coil  will  depend  upon  the  resistance  of  the  coil 
and  upon  its  capacity  as  well  as  upon  the  absorption.  Hence, 
while  it  is  entirely  negligible  for  coils  of  low  resistance,  it  be- 
comes of  importance  in  coils  of  high  resistance.  By  so  designing 
the  coil  that  the  capacity  is  small  it  may  usually  be  made  negli- 
gible. 

By  keeping  in  mind  the  facts  which  are  stated  above,  it  has 
been  found  possible  to  design  coils  of  denominations  from  o.i 
to  10,000  ohms  in  which  the  change  in  resistance  is  less  than  a 
part  in  a  hundred-thousand  for  frequencies  up  to  3000  cycles  per 
second,  and  in  which  the  phase  angle  is  not  more  than  3.5'  at 
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3000  cycles.  For  tenth-ohm,  one-ohm,  and  ten-ohm  coils  strip 
manganin,  wound  in  a  bifilar  manner,  is  used.  For  hundred-ohm 
coils  a  single-layer  bifilar  winding  is  satisfactory.  For  thousamd- 
ohm  coils  fine  200-ohm  bifilar  coils  are  wound  on  an  insulating 
spool  (porcelain  is  satisfactory)  and  connected  in  series.  For 
10,000-ohm  coils  a  special  winding  was  devised.  A  tube  of  biscuit 
porcelain  is  cut  along  a  diameter  for  two-thirds  of  its  length. 
The  winding  is  then  made  as  follows:  One  turn  is  made  with 
a  single  wire,  then  the  wire  passed  through  the  slit,  and  a  turn 
made  in  the  opposite  direction.  The  wire  is  then  passed  tlirough 
the  slit  and  the  third  turn  is  made  in  the  same  direction  as  the 
first,  and  the  process  repeated  until  sufficient  wire  is  upon  the 
spool. 


METHODS    FOR   THE    MEASUREMENT    OF   THE    EFFECTIVE 
INDUCTANCE  OF  RESISTANCE  COILS.i 

By  F.  W.  Grover  and  H.  L.  Curtis. 

In  the  measurement  of  inductances  which  are  associated  with 
relatively  high  resistances,  such  as  resistance  coils,  the  multipliers 
of  voltmeters  and  wattmeters  and  the  like,  the  ordinary  methods 
using  alternating  current  of  suitable  frequency  give  sufficient 
sensibility,  but  they  fail  to  give  an  accurate  determination,  due  to 
the  fact  that  the  inductance  of  each  arm  of  the  bridge  is  of  the 
same  magnitude  as  the  inductance  to  be  measured.  The  method 
which  we  have  used  to  overcome  this  difficulty  is  to  substitute  for 
the  unknown  inductance  an  inductance  of  approximately  the  same 
resistance,  but  of  such  a  form  that  its  inductance  can  be  computed 
from  its  dimensions.  From  the  changes  in  the  bridge  which  it  was 
necessary  to  make  to  restore  a  balance,  the  difference  in  the  in- 
ductance of  the  two  resistances  was  computed. 

Three  bridge  methods  were  used.  The  first  was  Maxwell's 
method  of  comparing  an  inductance  with  a  capacity;  the  second 
was  Anderson's  modification  of  the  above;  the  third  was  the  use 
of  a  variable  inductance  in  one  of  the  arms.  These  methods  gave 
concordant  results,  and  the  method  to  be  chosen  in  any  given  case 
will  largely  depend  upon  the  value  of  the  resistance  associated 
with  the  inductance  which  is  being  measured. 

^Bulletin  of  the  Bureau  of  Standards,  Reprint  175. 
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The  standards  used  were  in  the  form  either  of  parallel  wires 
or  of  circles.  Only  in  the  case  of  one-ohm  coils  was  it  practi- 
cable to  use  both  forms.  The  agreement  between  the  two  forms 
was  satisfactor)^  as  is  shown  by  the  following  example.  The 
difference  in  the  computed  values,  after  allowing  for  the  induct- 
ance of  the  binding  posts,  was  128  x  iq-^  henry.  The  measured 
difference  in  the  inductance  was  also  128x10'^  henry.  With 
standards  having  larger  resistance  different  sizes  and  lengths 
of  wire  were  sometimes  used,  as  well  as  different  distances  apart. 
As  an  example  the  5000-ohm  parallel  wire  standard  was  measured 
with  the  wires  2  cm.  apart  and  again  with  them  10  cm.  apart. 
The  observed  difference  was  114  microhenry's.  The  computed 
difference,  when  taking  into  account  the  distributed  capacity  be- 
tween the  wires,  has  no  microhenrys. 

While  in  all  cases  the  standards  were  adjusted  to  have  nearly 
the  same  value  of  resistance  as  the  coil  to  be  measured,  yet  it  was 
necessary  to  be  able  to  vary  the  resistance  through  a  small  range 
without  varying  the  inductance.  This  was  accomplished  by  two 
different  devices.  Steps  of  a  tenth  of  an  ohm  were  obtained  by 
substituting  for  manganin  links  copper  links  of  the  same  size  and 
fo-rm.  A  continuous  variation  of  resistance  from  o  to  o.i  ohm 
was  obtained  by  means  of  a  copper  wire  sliding  in  a  tube  of  mer- 
cury. The  change  in  inductance  was  very  small  in  this  case,  but 
where  small  inductances  were  being  measured  it  was  necessary 
to  make  a  correction  on  this  account. 

The  chief  difficulty  encountered  was  with  coils  of  high  resist- 
ance where  the  capacity  between  the  wires  appreciably  affects  the 
effective  inductance.  If  L  is  the  computed  inductance.  C  the  capa- 
city between  the  wires,  and  R  their  resistance,  then  the  effective 
inductance  U  is  approximately  given  by  the  equation 

L^L-i/2,CR-. 

In  commercial  resistance  coils  having  resistances  of  100  ohms  or 
over  the  last  term  is  usually  the  larger  of  the  two,  so  that  the 
effective  inductance  is  negative.  With  coils  greater  than  1000 
ohms  the  actual  inductance  is  usually  a  negligible  part  of  the 
effective  inductance,  so  that  the  value  of  the  effective  inductance 
depends  chiefly  upon  the  capacity  and  resistance.  With  parallel 
wires  the  capacity  not  only  depends  upon  the  relative  positions 
of  the  two  wires,  but  upon  their  potential  with  respect  to  the 
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earth.  The  capacity  as  usually  computed  requires  that  the  poten- 
tial of  one  wire  shall  be  as  much  above  earth  potential  as 
the  other  is  below  earth  potential.  To  make  sure  that  this 
requirement  is  fulfilled  in  practice,  a  special  network  is  arranged 
in  which  there  are  two  indicating  instruments,  both  of  which  must 
show  zero  current.  Although  somewhat  complicated,  this  method 
gives  satisfactory  results  in  those  cases  where  the  capacity  to 
earth  is  an  important  factor. 

The  methods  here  outlined  have  been  found  to  give  satisfac- 
tory results  with  resistances  from  i  to  10,000  ohms.  With  coils, 
the  resistance  of  which  lies  between  i  and  1000  ohms,  it  was 
possible  to  measure  the  inductance  with  such  accuracy  that  the 
error  in  the  time  constant  {L/R)  deduced  from  this  measurement 
is  not  more  than  lO"®  second.  For  coils  with  a  resistance  of  more 
than  1000  ohms  the  corresponding  limit  is  lO"^  second. 


HELIUM  TUBES  AS  LIGHT  STANDARDS. 
By  P.  G.  Nutting,  Bureau  of  Standards. 

The  investigation  of  the  properties  of  electrically  conducting 
gases  with  a  view  to  their  possible  use  as  primary  standards  of 
luminous  intensity  has  been  in  progress  at  the  Bureau  of  Stand- 
ards for  the  past  six  years.  A  summary  of  the  results  obtained 
is  given  below;  this  includes  a  report  of  a  recent  reproducibility 
test  here  given  for  the  first  time. 

Of  the  available  gases  and  vapors,  helium  is  the  only  one 
emitting  light  of  a  suitable  color  and  having  reasonable  lasting 
qualities.  The  light  is  of  a  yellowish-white  approximately  that 
of  the  Hefner  flame  and  of  an  old  type  carbon  filament  glow  lamp. 
The  useful  life  of  a  helium  tube  is  from  5  to  100  hours,  depend- 
ing on  its  construction  and  operation.  The  next  best  gases  would 
be  carbon  dioxide  and  sulphur,  but  these  emit  a  snow-white  light 
and  disappear  rapidly  in  carrying  a  current. 

The  form  of  tube  found  most  suitable  has  a  capillar}-  portion 

of  2-mm.  bore,  2-mm.  thickness  of  wall,  and  about  7  cm.  long. 

The  terminal  bulbs  are  35  mm.  in  diameter  and  spherical,  while 

the  electrodes  are  aluminum  disks  i  mm.  thick  and  25  mm.  in 
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diameter.  Recent  results  indicate  that  possibly  a  slightly  in- 
creased bulb  diameter  might  give  longer  life  to  the  tubes. 

The  relation  between  current  and  light  emitted  is  very  nearly 
linear  over  a  wide  range  of  intermediate  currents,  lo  to  35  m.a. 
Twenty-five  milliamperes  was  chosen  as  the  most  suitable  stand- 
ard current. 

The  ratio  of  light  emitted  to  internal  energy,  current  times 
potential  gradient,  is  not  quite  constant.  The  minimum  watts 
per  candle  for  a  tube  of  2-mm.  base,  namely,  3.8  w./c.p.,  occurs 
at  a  current  between  25  and  30  m.a.  Owing  to  the  large  and 
uncertain  variations  in  the  potential  gradient  and  the  difficulties 
in  its  precise  determination,  attention  was  directed  toward  ex- 
pressing light  in  terms  of  current  and  bore  rather  than  in  terms 
of  internal  energy. 

The  light  emitted  by  a  helium  tube  as  a  function  of  current 
was  later  determined  line  by  line  for  each  of  the  six  prominent 
spectrum  lines.  These  all  behave  nearly  alike,  increasing  with 
current  sensibly  as  does  the  total  light.  Helium  shows  no  trace 
of  any  secondary  spectrum  in  the  visible  region. 

Neither  the  voltage  nor  frequency  of  alternation  of  the  excit- 
ing current  affects  the  light  emission  by  a  measurable  amount. 
Voltages  of  i,  2,  5,  and  10  thousand  were  used,  and  direct,  alter- 
nating 60-cycle  and  900-cycle  current. 

Gas  density  does  not  affect  the  specific  light  emission  over  a 
range  from  3  to  8  mm.  pressure,  provided  the  bore  of  capillary 
is  not  much  over  2  mm.  With  25  m.a.  current  through  2  mm.- 
bore,  the  light  is  sensibly  independent  of  gas  density  from 
3  to  8  mm.  pressure.  Chiefly  for  this  reason  these  specifications 
and  4  to  7  mm.  pressure  were  adopted  for  the  standard  tubes, 
inasmuch  as  gas  density  is  difficult  to  control  and  determine  in 
such  tubes. 

The  correction  to  the  light  emitted  by  a  centimetre  length 
of  capillary  for  slight  departures  from  2  mm.  in  the  bore  was 
carefully  determined.  It  is  —  0.010  c.p./cm.  for  each  +  o.i 
mm.  difference  in  bore  from  2.00  mm. 

A  test  for  reproducibility  was  made  on  a  set  of  forty  tubes. 
The  capillary  portions  of  these  tubes  were  specially  prepared  and 
selected  by  Baudin  to  secure  the  utmost  possible  uniformity  of 
bore  and  wall  and  freedom  from  striations.  The  tubes  were  made 
up  and  filled  at  the  Bureau  of  Standards. 
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Color  reproducibility  was  determined  by  intercomparing  the 
spectra  of  these  tubes  line  by  line  with  a  spectrophotometer.  The 
slight  variations  observed  were  well  within  the  errors  of  obser- 
vation. 

Photometric  observations  on  the  mean  horizontal  candle- 
power  per  centimetre  length  of  capillary  were  made  by  four  ex- 
perienced observers.  The  computed  probable  error  in  the  c.p./cm. 
for  all  observers  and  all  the  tubes  was  0.16  per  cent.  The  aver- 
age deviation  of  the  tubes  from  their  mean  value  was  1.15  per 
cent.,  the  maximum  deviation  3  per  cent.  The  four  different 
observers  read  on  an  average  1.2  per  cent,  below,  o.i  per  cent, 
above,  1.5  per  cent,  above,  and  0.5  per  cent,  below  the  mean  of 
the  four.^ 


THE   EFFECT   OF   ADDED    FATTY    AND    OTHER    OILS   UPON 
THE  CARBONIZATION  OF  MINERAL  LUBRICATING  OILS.= 

By  C.  E.  Waters. 

The  author  determined,  by  a  method  published  some  time 
ago,^  the  relative  amounts  of  "  carbonized  "  matter  formed  by 
heating  two  similar  mineral  engine  oils  and  mixtures  of  these 
oils  with  various  fatty  oils,  soap,  asphalt,  sulphur,  etc.  Samples 
of  10  grams  each  were  heated  in  Erlenmeyer  flasks  to  250°  C. 
for  5  hours.  The  flasks  were  carefully  matched  in  size,  for  it 
was  shown  that  the  '*  carbonization  "  is  an  oxidation  phenomenon, 
depending  in  amount  upon  the  area  of  the  oil  surface  exposed  to 
the  air.  The  flasks  were  heated  in  a  special  air-bath  so  arranged 
as  to  allow  perfect  freedom  of  diffusion  of  oil  vapors  and  air. 

The  loss  by  evaporation  was  first  determined;  then  measured 
volumes  of  petroleum  ether  were  added,  and  next  day  the  "  car- 
bonized "  material  which  was  precipitated  was  filtered  off,  washed 
free  of  oil  with  petroleum  ether  and  weighed.  The  flasks  were 
also  weighed  to  determine  the  amount  of  "  varnish,"  the  closely 

*  The  report  on  reproducibility  tests  is  to  be  published  in  the  Bulletin 
of  the  Bureau  of  Standards.  The  preliminary  work  was  reported  on  in  the 
Bureau  of  Standards  Bulletin  4,  511,  1908;  the  relation  between  line  inten- 
sity and  current  in  same  journal,  7,  65,  191 1. 

^  Bureau  of  Standards,  Technologic  paper,  4. 

^  Bull.  Bur.  Standards,  7,  365   (191 1)  ;  /.  Ind.  Eng.  Chem.,  3,  233   (1911). 
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adherent,  brown  coating  formed  on  the  walls  above  the  level  of 
the  oil.  There  was  found  to  be  no  proportionality  between  the 
percentages  of  evaporation,  "  varnish  "  and  insoluble. 

The  averages  obtained  from  a  large  number  of  determinations 
are  given  in  the  table.  The  following  explanations  seem  called 
for.  No.  2  was  saturated  with  soap  by  heating  the  mineral  oil 
on  the  steam-bath  with  a  considerable  excess  of  dried  and  pow- 
dered "  Ivory  "  soap;  after  cooling  over  night  the  oil  was  filtered. 
No.  3  was  saturated  with  rosin  in  a  similar  manner.  Nos.  4,  5,  6, 
7,  II,  and  12  contained  each  10  per  cent,  of  the  oils  stated  in  the 
table.  To  each  10  grams  of  oil  (No.  9)  there  was  added  0.25 
gram  of  Syrian  asphalt  dissolved  in  xylene.  The  sulphur  mixture 
(No.  10)  was  made  by  adding  0.0 1  gram  of  sulphur,  dissolved 
in  xylene,  to  10  grams  of  oil.  Each  10  grams  of  the  ferric  oxide 
mixture  (No.  15)  contained  0.086  gram  of  ''  Kahlbaum  "  ferric 
oxide.  The  oxidized  oil  (Nos.  14  and  16)  was  exposed  to  sun- 
light and  air  for  a  month.^  Owing  to  the  arrangement  of  the 
apparatus,  No.  16  was  more  highly  oxidized  than  No.  14. 

Table   Showing  Average  Results. 
(All  figures  indicate  percentages.) 

Sample             Contains                                                "Varnish"  Insoluble        Total  Residue 

1  Mineral    oil,    No.    i 0.33  2.26  2.59 

2  Soap    o.ii  2.06  2.17 

3  Rosin     0.27  2.25  2.52 

4  Rosin  oil    0.21  1.90  2.11 

5  Rapeseed    oil    1.37  o.oi  1.38 

6  Lard    oil    0.09  0.40  0.49 

7  Tallow    O.II  1.37  148 

8  Mineral  oil,  No.  2 0.35  2.51  2.86 

9  Asphalt     0.29  4.66  4.95 

10  Sulphur    0.37  2.52  2.89 

1 1  Paraffin     0.30  2.70  3.00 

12  Linseed  oil    6.30  0.02  6.32 

14  Oxidized   mineral    oil    0.28  6.00  6.28 

15  Ferric  oxide   1.02  6.50  7.52 

16  Oxidized    mineral   oil    0.31  7.02  7.33 

The  apparently  high  results  for  "  varnish  "  and  correspond- 
ingly low  results  for  insoluble  in  the  case  of  Nos.  5  and  12  are 

^ Bull.  Bur.  Standards,  7,  227  (1911)  ;  /.  Ind.  Eng.  Cliem.,  2,  451   (1910). 
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due  to  the  greater  portion  of  the  insoluble  product  adhering  to 
the  flask,  instead  of  being  in  the  form  of  a  flocculent  precipitate, 
as  with  the  other  oils. 

Lubricants,  for  gas  engine  cylinders,  which  contain  asphalt 
or  which  have  been  exposed  to  the  action  of  sunlight  and  air,  are 
to  be  avoided.  It  must  not  be  concluded,  from  the  low  results 
obtained  with  mixtures  containing  tallow,  lard  oil,  etc.,  that  the 
addition  of  these  is  to  be  recommended.  The  presence  of  the 
fatty  acids  resulting  from  the  decomposition  of  these  fatty  oils 
may  greatly  increase  the  corrosion  of  the  cylinder  and,  in  actual 
practice,  also  cause  as  much  carbonization  as  the  addition  of 
ferric  oxide. 

Francis  Turbine.  R.  Camerer.  (Zeits.  Vercins  Deutsch 
Ing.,  Iv,  2007.) — After  a  description  of  the  research  apparatus,  dia- 
grams are  given  showing  how  the  turning  moment,  as  well  as  the 
magnitude  and  direction,  of  the  blade  pressures  can  be  found.  Then 
the  description  of  pressure  and  velocity  in  the  streaming  water 
is  described.  The  paper  is  chiefly  interesting  on  account  of  the 
numerous  diagrams  illustrative  of  the  subject. 

Glass  for  X-Ray  Tubes.  {Times,  Eng.  SuppL,  Dec.  27,  191 1.) 
— It  has  been  ascertained  that  glass  made  with  lithium  is  about 
twice  as  transparent  as  soda  glass  to  the  photographically  active 
X-rays.  Tubes  have  been  produced  with  a  lithium  glass  "  win- 
dow," through  which  the  rays  are  discharged  from  the  anti-cathode. 
This  window  is  about  two  inches  in  diameter,  and  is  fused  into  the 
bulb  immediately  opposite  the  anti-cathode.  By  using  these  tubes 
the  exposures  necessary  for  radiographic  work  are  reduced  by  about 
50  per  cent. 

Melting-point  of  Seger  Cones.  R.  Rieke.  {Sprechsaal,  xliv, 
726.) — Numerous  tests  were  made  on  the  melting-points  of  Seger 
cones,  chiefly  with  regard  to  the  duration  of  firing  and  the  variety 
of  kilns.  These  cones  have  no  definite  melting-points  like  metals 
and  most  chemical  compounds.  The  chief  factor  is  the  duration 
of  firing,  which  may  affect  the  apparent  melting-point  by  60°  to 
100°  C.  Other  conditions  being  the  same,  a  cone  will  melt  at  a 
lower  temperature  the  more  prolonged  the  firing.  According  to  the 
author,  cones  012a  to  i  are  an  exception ;  they  melt  with  more 
difficulty  in  a  slow  fire.  Cones  cannot  be  regarded  as  pyrometers 
for  the  accurate  measurement  of  temperature,  but  they  have  the 
advantage  over  optical  and  thermo-electric  pyrometers  in  the  burn- 
ing of  pottery  that  they  are  affected  by  the  time  factor  as  well  as 
by  the  actual  temperature  attained.  A  cone  that  has  remained  un- 
melted  in  one  fire  cannot  be  reliably  used  in  a  subsequent  fire. 
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Ammonia  Production  in  Great  Britain.  (Bradbury  and 
HiRSCH,  Liverpool,  Eng.) — The  total  production  of  ammonia  from 
all  sources,  calculated  as  sulphate,  in  the  United  Kingdom  (includ- 
ing that  used  in  the  manufacture  of  ammonium  soda  and  other 
chemical  processes)  in  1910  and  191 1  was 

Tons 1910.  Tons 1911. 

Gas  works    168,000  169,500 

Iron   works    20,000  20,000 

Shale   works    59,ooo  60,000 

Coke    and    carbonizing    works    and 

producer  gas  plant   120,500  129,000 

Total    367,500  378,500 

Considering  last  year's  production,  it  is  estimated  that  England 
contributed  256,000  tons,  Scotland  119,500  tons,  and  Ireland  3,000 
tons.  The  exports  during  191 1  reached  292,000  tons  and  the  home 
consumption  85,500  tons,  and  13,000  tons  remained  as  stock  car- 
ried forward  to  1912. 

Secondary  X-Rays.  Anon,  {Revue  Sci.,  xxvii,  812.)  — 
Every  body  struck  by  light  rays  becomes  luminous  in  two  ways. 
By  diffusion  it  emits  rays  of  the  same  wave-length  as  the  incident 
rays  ;  and  if  it  is  fluorescent  it  can  also  emit  rays  of  a  different  wave- 
length. Similarly,  every  substance  submitted  to  the  action  of  X- 
rays  becomes  in  turn  a  source  of  X-rays.  The  emitted,  or  second- 
ary rays,  belong  to  two  distinct  types :  some  have  the  same  pene- 
trating power  and,  in  a  general  way,  the  same  properties  as  the 
incident  rays ;  these  are  the  diffused  rays;  the  others,  totally  differ- 
ent to  the  incident  rays,  are  called  fluorescent  X-rays.  Elements 
with  an  atomic  weight  lower  than  that  of  sulphur  emit  almost  solely 
diffused  rays.  The  other  elements  can  give  fluorescent  rays ;  these 
rays  are  perfectly  homogeneous  and  are  characterized  by  their  pene- 
trating power. 

Formation  of  Positive  Ions  in  Heated  Metals.  Z.  Kiemen- 
siEwicz.  (Acad.  Sci.  Cracoinc.  Bull.,  vi,  0,  417.) — These  experi- 
ments were  made  to  ascertain  the  origin  of  positive  ions  from 
heated  metals.  Three  hypotheses  have  been  advanced :  The  first 
accounts  for  the  ions  by  the  presence  of  absorbed  gases ;  the  second, 
by  traces  of  impurities,  and  the  third  considers  them  to  be  the 
resuli  of  chemical  reaction.  The  apparatus  employed  is  on  the 
same  principle  as  that  used  by  J.  J.  Thomson,  and  the  metals  in- 
vestigated include  platinum,  palladium,  gold,  iridium,  copper,  iron, 
and  tungsten.  The  temperature  of  observation  is  800°  C.  The 
results  are  tabulated,  and  the  conclusion  reached  is  that  the  absorbed 
gases  are  responsible  for  the  production  of  the  positive  ions. 
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(Proceedings  of  the  Stated  Meeting  held   Wednesday,  March  20,  1912.) 

Hall   of   the   Franklin    Institute, 

Philadelphia,  March  20,   1912. 
Mr.  William  C.  L.  Eglin  in  the  Chair. 
Additions  to  membership  since  last  report,  11. 

The  communication  of  the  evening  was  presented  by  Dr.  Edgar  F. 
Smith,  Provost  of  the  University  of  Pennsylvania,  on  "  How  the  Chemist 
Uses  Electricity." 

After  an  historical  review  of  the  early  applications  of  electricity  in  the 
chemical  laboratory,  the  rapid  precipitation  of  metals  by  the  use  of  the 
electric  current  was  described  and  illustrated  by  numerous  laboratory  ex- 
periments. 

Specimens  of  calcium  which  had  been  reduced  from  the  chloride  by 
electrolysis  were  shown.  During  the  course  of  the  demonstrations  a  num- 
ber of  novel  forms  of  apparatus,  including  the  rotary  anode  and  the  mer- 
cury cup,  were  exhibited. 

After  an  inspection  of  the  various  specimens  the  meeting  adjourned. 

R.   B.   Owens, 

Secretary. 


COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

{Abstract  of  Proceedings  of  the  Stated  Meeting  held   Wednesday, 
March  6,  19 12.) 

Hall  of  the  Institute, 
Philadelphia,  March  6,  1912. 
Mr.  Wilfred  Lewis  in  the  Chair. 
The   following  reports  were  presented  for  final  action : 
No.     2370. — Gray     National     Telautograph.       Elliott     Cresson      Medal. 
Adopted. 

No.  2466. — Tantalum  Wave-Detector.     Advisory.     Adopted. 

R.  B.  Owens, 
Secretary. 

SECTIONS 

Mechanical  and  Engineering  Section. — A  meeting  of  the  Section  was, 
on  invitation,  held  in  the  office  of  the  Mayor,  City  Hall,  on  Thursday  even- 
ing, February  29,  1912. 

Vice-President  Coleman  Sellers,  Jr.,  called  the  meeting  to  order  and 
first  introduced  Dr.  Allerton  S.  Cushman,  Director  of  the  Institute  of  In- 
dustrial Research,  Washington,  D.  C,  who  reviewed  the  progress  of  road 
building  during  the  past  several  years  and  referred  to  the  changes  which 
were  found  necessary  in  this  branch  of  engineering  to  meet  the  conditions 
due  to  the  more  extended  use  of  automobiles. 
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He  then  introduced  Mr.  Prevost  Hubbard,  of  Washington,  D.  C,  who 
presented  the  communication  of  the  evening  on  "  Bituminous  Roads  and 
Pavements,  and  Their  Materials  of  Construction." 

After  brief  remarks  on  roads  and  pavements  in  general,  bituminous 
roads  and  pavements  were  particularly  considered.  Then  followed  a  de- 
scription of  the  various  bituminous  materials  used  in  road  building  and  the 
preparation  of  such  materials  for  road  surfaces.  Lantern  slides  of  roads, 
road  materials,  and  apparatus  for  construction  were  shown,  as  well  as 
numerous  views  of  streets  and  roads. 

Adjourned.  R.  B.  Owens, 

Secretary. 

Electrical  Section. — A  joint  meeting  of  the  Section,  the  Philadelphia 
Section,  American  Institute  of  Electrical  Engineers,  and  the  American  So- 
ciety of  Mechanical  Engineers  was  held  in  the  Hall  of  the  Institute  on 
Thursday  evening,  March  7,  1912. 

Mr.  Thomas  Spencer  in  the  Chair. 

The  paper  of  the  evening,  entitled  "  The  Electrification  of  Main  Line 
Railways,"  was  presented  by  Mr.  W.  J.  Clark,  of  New  York. 

A  brief  summary  of  the  work  of  electrification  thus  far  accomplished 
was  followed  by  the  consideration  of  the  various  phases  of  the  problem,  in- 
cluding cost,  operation,  equipment,  etc.  A  list  of  the  most  important  elec- 
trifications was  'given,  with  statistics  as  to  number  of  cars,  locomotives,  and 
total  miles  of  track. 

In  the  discussion  which  followed,  Messrs.  Woods,  Darlington,  Hender- 
son, and  others  took  part. 

The  thanks  of  the  meeting  were  extended  to  the  speaker. 

Adjourned. 

R.  B.  Owens, 
Secretary. 

Section  of  Photography  and  Microscopy. — A  special  meeting  was  held 
on  Friday,  March  8,  at  8  o'clock  p.m..  Dr.  Henry  Lefifmann  presiding. 

Mr.  H.  Clyde  Snook  introduced  Dr.  P.  H.  Eijkman,  of  Scheveningen, 
Holland,  the  speaker  of  the  evening,  and  gave  a  brief  outline  of  some  of 
his  work.  Dr.  Eijkman  then  presented  his  paper  on  "  Symphany  in  Stereo- 
scopic Radiography,"  in  which  he  described  his  methods  for  producing 
stereoscopic  radiographs. 

The  subject  was  illustrated  by  special  apparatus  and  numerous  negatives 
taken  by  the  Roentgen  rays. 

A  recess  was  taken  in  order  that  those  present  might  have  the  oppor- 
tunity of  examining  more  closely  the  various  pieces  of  apparatus  and  the 
results  obtained  by  their  use. 

A  brief  discussion  followed,  and  the  thanks  of  the  meeting  were  extended 
to  the  speaker. 

Adjourned.  R.  B.  Owens, 

Secretary. 
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MEMBERSHIP  NOTES. 
Elections  to  Membership. 

RESIDENT. 

Mr.  Morris  L.  Cooke,  216  City  Hall,  Philadelphia. 

Mr.  W.  S.  Ellis,  Harrison  Building,   Philadelphia. 

Mr.  Wm.  Penn  Evans,  care  of  Baldwin  Locomotive  Works,   Philadelphia. 

Mr.  Arthur  C.  Jackson,   Orthodox   Street   and   Asylum   Road,   Frankford, 

Philadelphia. 
Mr.  W.  D.  Kerlin,  Camden  Forge  Company,  Camden,  N.  J. 
Mr.  E.  T.  Stotesbury,  Fifth  and  Chestnut  Streets,  Philadelphia. 

non-resident. 

Mr.  Thomas  L.  Burton,  415  North  Broad  Street,  Elizabeth,  N.  J. 

Mr.  James  W.  Cottrell,  Hammonton,  N.  J.,  P.  O.  Box  302. 

Dr.    Allerton    S.    Cushman,    Institute    of   Industrial    Research,    Nineteenth 

and  B  Streets,  N.  W.,  Washington,  D.  C. 
Mr.  L.  a.  Osborne,  P.  O.  Box  911,  Pittsburgh,  Pa. 
Naval  Constructor  Elliott   Snow,   U.   S.   N.,   care   Wm.   Cramp   &   Sons, 

Philadelphia. 

Changes  of  Address. 

Mr.  Norman  Macbeth,  166  West  Seventy-second  Street,  New  York,  N.  Y. 
Mr.  George  C.   Reese,   112    North    Nineteenth    Street,    Flatbush,    Brooklyn, 

N.  Y. 
Mr.  George  MacLean,  Room  100,  Van  Dyck  Studio,  18  West  Thirty-fourth 

Street,  New  York,  N.  Y. 
Mr.  Charles  H.  Davis,  18  Old  Slip,  New  York  City,  N.  Y. 
Mr.  Wm.  A.  Nettleton,  Ballston  Lake,  New  York,  N.  Y. 
Mr.  R.  Herbert  Crowell,  2Z7  East  Main  Street,  Moorestown,  N.  J. 
Dr.  T.  C.  Mendenhall,  Ravenna,  Ohio. 
Mr.  F.  S.  Allen,  56  Prospect  Street,  Hartford,  Conn. 
Mr.  Edwin  S.  Balch,  311  South  Fifteenth  Street,  Philadelphia. 


NECROLOGY. 


Charles  Edward  Ronaldson  was  born  in  Pottsville,  Pa.,  October  3, 
1846,  and  died  February  20,  1912,  at  his  home,  4017  Locust  Street,  Phila- 
delphia. 

Mr.  Ronaldson  was  a  student  in  the  University  of  Pennsylvania,  from 
which  he  received  the  degree  of  Bachelor  of  Arts,  and  in  1869  he  received 
the  degree  of  Mechanical  Engineer  from  Lehigh  University. 

During  his  professional  career  he  served  the  Lehigh  Valley  Railroad  at 
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Delano,  Pa.,  in  1874;  became  agent  in  the  United  States  for  the  Siemens 
patent  metallurgical  gas  furnaces,  continuing  in  this  capacity  until  1889.  For 
several  years  he  was  assistant  to  Major  Hibbard  in  the  construction  of  the 
immigration  depot  at  Ellis  Island,  New  York,  and  later  served  as  New  York 
representative  of  the  George  V.  Cresson  Company,  of  Philadelphia. 

Mr.  Ronaldson  was  a  trustee  of  Lehigh  University  from  1877  to  1879, 
and  an  honorary  member  of  the  Lehigh  Alumni  Association ;  he  became  a 
member  of  the  St.  Andrew's  Society  in  1869,  and  was  its  secretary  at  the 
time  of  his  death.  He  was  much  interested  in  the  work  of  the  Bartram 
Association  of  Philadelphia,  and  for  nearly  forty  years  was  connected  with 
the  Masonic  fraternity. 

He  became  a  member  of  the  Franklin  Institute  in  1874;  was  elected  to 
its  Board  of  Managers  in  1885,  serving  until  1893.  He  was  re-elected  in 
1908  and  served  to  the  time  of  his  death. 

He  was  a  member  of  the  Committee  on  Science  and  the  Arts  for  many 
years,  and  served  on  the  Committee  on  Library  since  1903,  being  its  chair- 
man during  the  years  1907  and  1908. 


Prof.  Henry  Wilson.  Spangler  was  born  at  Carlisle,  Pa.,  January  18, 
1858,  and  died  in  Philadelphia  on  March  17,  1912.  He  was  graduated  from  the 
United  States  Naval  Academy  in  1878,  and  was  an  engineer  in  the  United 
States  Navy  from  that  time  until  1889. 

In  1898,  during  the  Spanish-American  War,  he  again  served  in  the  navy 
for  a  short  time. 

He  was  called  to  the  University  of  Pennsylvania  in  1881  to  the  assistant 
professorship  of  Mechanical  Engineering,  and  in  1889  was  made  head  of  the 
Mechanical  Engineering  Department,  holding  the  Whitney  Professorship 
of  Dynamical  Engineering. 

In  1896  the  University  conferred  upon  him  the  degree  of  Master  of 
Science,  and  in  1906  the  degree  of  Doctor  of  Science. 

Professor  Spangler  was  a  member  of  the  advisory  council  of  the  En- 
gineering Congress,  held  at  Chicago  in  1893 ;  a  member  of  the  Jury  of 
Awards  of  the  Buffalo  Exposition  in  1901,  member  and  past  president  of 
the  Engineers'  Club  of  Philadelphia,  and  a  member  of  many  scientific  and 
technical  organizations. 

He  was  the  author  of  numerous  books  and  pamphlets  dealing  with 
scientific  and  technical  subjects,  among  the  many  important  of  which  are 
his  well-known  "  Valve  Gears ''  and  "  Notes  on  Thermodynamics." 

Professor  Spangler's  connection  with  the  Franklin  Institute  dates  back 
to  1883.  He  served  the  Institute  on  numerous  committees,  notably  as  a 
member  of  the  Committee  on  Science  and  the  Arts. 


George  Wallace  Melville,  Rear  Admiral  U.  S.  N.,  died  March  17,  1912. 
Admiral  Melville  was  born  in  New  York  on  January  10,  1841.  His  technical 
education  was  begun  at  the  Polytechnic  School  of  Brooklyn  and  under 
private  tutors. 

At  twenty  years  of  age  he  was  an  officer  of  the  Engineer  Corps  of  the 
United    States    Navy,    and    during    his    forty    years    of    service    he    became 
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engineer,  chief  engineer,  commander,  engineer-in-chief  U.  S.  N.,  and  finally 
rear  admiral,  being  placed  on  the  retired  list  January  7,  1903. 

As  chief  of  the  Bureau  of  Steam  Engineering  he  made  numerous  changes 
in  the  design  of  propulsive  equipment  of  warships,  and  during  the  Spanish- 
American  War  fitted  out  the  repair  ship  Vulcan — a  complete  floating  machine 
shop,  which  performed  excellent  service. 

In  the  earlier  years  of  his  connection  with  the  navy  Admiral  Melville 
devoted  much  time  to  Arctic  exploration.  In  1873  he  volunteered  his  ser- 
vices and  became  a  member  of  the  expedition  sent  to  rescue  the  crew  of  the 
Polaris,  which  had  gone  in  search  of  the  North  Pole  under  Captain  Charles 
F.  Hall. 

Six  years  later  the  Jeannette  expedition  was  proposed,  and  Admiral 
Melville  again  volunteered. 

For  a  third  time,  in  1884,  he  visited  the  polar  region  with  Winfield  S. 
Schley  on  an  expedition  organized  for  the  relief  of  Lieut.  A.  W.  Greely. 
The  narratives  of  these  expeditions  may  be  found  in  the  various  official  docu- 
ments published  by  the  United  States  Government  and  others,  and  need 
not  be  detailed  here. 

For  his  services  in  this  connection  he  was  awarded  a  gold  medal  by 
Congress. 

He  won  many  honors  through  his  attainments.  The  Order  of  St. 
Stanislaus  was  conferred  upon  him  by  the  Czar  of  Russia,  and  he  received 
honorary  degrees  from  the  Stevens  Institute  of  Technology,  University  of 
Pennsylvania,  Harvard,  Columbia,  and  Georgetown  universities.  He  was 
an  honorary  member  of  the  leading  scientific  and  engineering  societies  of  the 
world. 

In  recognition  of  his  achievements  as  an  engineer  he  was  elected  an 
honorary  member  of  the  Franklin  institute  in  1899. 


Mr.  Addison  B.  Burk  was  born  in  Philadelphia  in  1847  and  died  on 
February  2j,  1912.  He  was  educated  in  the  Philadelphia  public  schools.  While 
still  a  youth  he  became  a  photographer,  but  later  connected  himself  with 
the  Germantown  Chronicle  as  reporter  and  editor.  For  thirty  years  he  was 
connected  as  reporter,  associate  editor,  editorial  writer,  and  managing 
editor  of  the  Philadelphia  Public  Ledger. 

He  organized  the  first  manual  training  school  in  Philadelphia. 

Mr.  Burk  took  a  deep  interest  in  the  work  of  the  Spring  Garden  In- 
stitute, of  which  he  was  president  during  the  last  twenty  years. 

He  was  also  a  member  of  the  Board  of  Trustees  of  Drexel  Institute 
and  a  director  of  the  Hayes  Mechanics'  Home. 

He  was  greatly  interested  in  building  societies,  and  was  an  officer  of  the 
Building  Association  League  of  Pennsjdvania  and  the  National  League  of 
Building  Associations. 

Mr.  Burk's  membership  in  the  Franklin  Institute  dated  from  1891. 


Mr.  William  B.  Hollis,  Philadelphia. 

Mr.  Charles  Hunter,  Philadelphia. 

Mr.  William  Mitchell  McAllister,  Philadelphia. 
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LIBRARY  NOTES. 
Purchases. 

Miller,  Berry  &  Riley. — Problems  in  Thermodynamics  and  Heat  Engineer- 
ing.    First  edition. 

Journal  of  the  Society  of  Chemical  Industry. — Index,  1896-1905. 

Whitaker's  Almanack  for  1912. 

International  Catalogue  of  Scientific  Literature. — F.  Meteorology.  Ninth 
issue.     G.  Mineralogy.     Ninth  issue. 

BuTTERFiELD,  W.  J.  A. — The  Chemistry  of  Gas  Manufacture.     Fourth  edition. 

Wehrenfennig,  E.  &  F. — The  Analysis  and  Softening  of  Boiler  Feed-water. 
Second  edition. 

Scientific  papers  of  J.  W.  Gibbs.     Two  volumes. 

Cook,  F.  A. — My  Attainment  of  the  Pole. 

Hawkins,  G.  W. — The  Economy  Factor  in  Steam-power  Plants. 

Morris,  W.    L. — Steam-power   Plant   Piping    Systems. 

Fischer,  E. — Untersuchungen  in  der  Puringruppe. 

Berry,  C.  N. — sThe  Temperature-entropy  Diagram. 

Stoughton,  B. — The  Metallurgy  of  Iron  and  Steel. 

Wegener,  A. — Thermodynamik  der  Atmosphare. 

Del  Mar,  A. — Stamp  Milling. 

Lang,  H. — Metallurgy,  vol.  4. 

Thomas's   Register   of  American   Manufacturers,    1912. 

American  Catalogue,  1908-1910. 

Gifts. 

Missouri  Botanical  Garden,  226.  Annual  Report,  191 1.  St.  Louis,  191 1. 
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merce and  Labor.) 
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the  Commission.) 

University  of  IlHnois,  Annual  Register,  1911-12.  Urbana,  Champaign,  1912. 
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Liverpool  Engineering  Society,  Transactions,  vol.  32.  Liverpool,  191 1. 
(From  the  Society.) 

Interstate  Commerce  Commission,  25th  Annual  Report,  191 1.  Washington, 
D.  C,  1912.     (From  the  Commission.) 

National  Academy  of  Sciences,  Memoirs,  vol.  10.  Washington,  D.  C,  191 1. 
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Tasmania,  Secretary  for  Mines,  Annual  Report,  1909  and  1910.  Hobart,  1910- 
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New  Zealand,  Papers  and  Reports  Relating  to  Minerals  and  Mining,  191 1. 
Wellington,  191 1.     (From  the  Mines  Department.) 

United  States  Army,  Surgeon-General's  Office,  Index,  Catalogue  of  the 
Library,  Second  Series,  vol.  14.  vol.  16,  Q,  to  Stysanus.  Washington, 
D.   C,   1909-1911.     (From  the   Surgeon-General's   Office.) 
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Electro-Analysis.  By  Edgar  F.  Smith,  Blanchard  Professor  of  Chemistry, 
University  of  Pennsylvania.  Fifth  edition,  revised  and  enlarged,  with 
forty-six    illustrations.     Philadelphia,    P.    Blakiston's    Son    &    Co.,    1911. 

$2.50  net. 

The  introduction  is  followed  by  a  description  of  the  several  sources 
from  which  electric  current  is  usually  obtained  for  electrochemical  work. 
Methods  of  current  control  and  variations  and  methods  of  current  voltage 
measurements  are  next  discussed ;  then  an  excellent  description  of  the  chemi- 
cal laboratory  of  the  University  of  Pennsylvania,  an  historical  sketch  of 
analj'tical  methods  involving  the  use  of  the  electric  current,  theoretical  con- 
siderations involved  in  electro-analysis,  rapid  precipitation  of  metals  elec- 
trolytically,  and  the  use  of  the  mercury  cathode. 

In  the  second  or  special  part  of  the  work  the  various  methods  for  the 
electrolytic  determination  of  the  metals,  by  means  of  stationary  and  rotating 
anodes,  and  of  the  mercury  cathode,  are  given  in  detail.  Directions  for  the 
determination  of  lead  and  manganese  by  the  electro-deposition  of  their  diox- 
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ides  at  the  anode,  and  of  uranium  and  molybdenum  by  the  electro-deposition 
of  their  hydrated  oxides  at  the  cathode,  are  also  given. 

Various  modes  for  the  separation  of  metals  are  then  discussed  at  length. 

The  applications  of  the  current  to  the  quantitative  determination  of  non- 
metals  occupy  the  greater  portion  of  the  concluding  chapters.  Thus  the 
determination  of  the  halogens  and  of  nitric  acid  electrolytically,  the  oxida- 
tion by  means  of  the  current  of  the  sulphur  and  arsenic  natural  sulphides 
and  arsensides  and  of  the  chromium  of  chromite,  and  the  combustion  of 
organic  compounds  electrolytically  are  discussed,  while  a  description  is 
given  of  the  double  cup  and  its  application  in  the  determination  simultan- 
eously of  anions  and  cations  and  in  the  separation  and  determination  of  the 
metals  of  the  alkalies  and  of  the  alkaline  earths. 

Copious  references  to  the  original  literature  are  given.  The  illustrations 
and  presswork  are   excellent. 

The  present  edition  of  this  authoritative  work  on  electro-analysis  will 
undoubtedly  be  welcomed  by  the  increasingly  large  number  of  workers  in 
this  field. 

Cochrane  Heaters:  Their  Use  in  Steam  Power  Plants.  Harrison 
Safety  Boiler  Works,  Philadelphia,  191 1.  Catalogue  No.  500.  144 
pages,  illustrations,  8vo.     Free  on  application  to  publishers. 

The  range  of  topics  included  in  this  catalogue  embraces :  the  choice  of 
a  system  for  heating  boiler  feed-water;  means  for  utilizing  exhaust  steam; 
boiler  scale,  temperature  strains,  and  corrosion ;  removal  of  oil  from  exhaust 
steam;  pumping  hot  water;  water  softening,  and  the  metering  of  feed- 
water,  etc.,  the  whole  forming  a  very  complete  account  of  what  might  be 
termed  "  exhaust  steam  engineering." 

The  catalogue  describes,  in  connection  with  the  above-mentioned  branches 
of  engineering,  the  Cochrane  open  feed-water  heaters ;  steam  stack  and  cut- 
out valve  heaters  and  receivers ;  multiple  unit  heater  arrangements ;  the 
Sorge-Cochrane  hot-process  softening  systems ;  the  Cochrane  combined 
heaters  and  meters,  steam  and  oil  separators.  The  work  is  supplied  with 
numerous  half-tone  cuts  illustrating  the  application  of  these  devices  to 
steam  plants  of  various  kinds,  and  should  prove  of  considerable  value  to 
owners,  engineers,  and  operators  of  steam  plants  and  of  interest  to  others. 
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Les  Peintures  par  Frangois  Margival.  Encyclopedic  Scientifique  des 
Aide-Memoire.  164  pages,  i2mo.  Paris,  Gauthier-Villars,  no  date.  Price, 
in  paper,  3  francs. 

North  Carolina  Geological  and  Economic  Survey.  Bulletin  No.  20. 
Water  Powers  of  North  Caiolina.  (A  supplement  to  Bulletin  No.  8.) 
Prepared  by  the  Hydrographic  Division  of  the  U.  S.  Geological  Survey. 
383  pages,  illustrations,  maps,  quarto.  Bulletin  No.  23.  Forest  Conditions  in 
Western  North  Carolina.     By  J.   S.  Holmes,  Forester.     116  pages,  illustra- 
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tions,  plates,  maps,  8vo.  Economic  Paper  No.  23.  The  Mining  Industry  in 
North  Carolina  During  1908,  1909,  and  1910.  By  Joseph  Hyde  Pratt,  Ph.D., 
and  Miss  H.  M.  Berry.  134  pages,  illustrations,  8vo.  Raleigh,  State  Printers, 
1911. 

American  Telephone  and  Telegraph  Company.  Annual  report  of  the 
directors  to  the  stockholders  for  the  year  ending  December  31,  1911.  51 
pages,  illustrations,  plate,  Svo.     New  York,   1912. 

Canada  Department  of  Mines,  Mines  Branch.  Preliminary  report  on 
the  mineral  production  of  Canada  during  the  calendar  year  191 1.  Prepared 
by  John  McLish,  B.A.,  Chief  of  the  Division  of  Mineral  Resources  and  Sta- 
tistics.    24  pages,   Svo.     Ottawa,    Government    Printing    Bureau,    1912. 

Cyaniding  made  easy  and  continuous  by  adopting  the  mechano-chemico 
lixiviator  for  the  rapid  and  effective  dissolving  of  gold,  silver,  and  copper. 
19  pages,  plates,  i6mo.     Philadelphia,  W.  L.  Imlay,  no  date. 

Questioned  Ink  Marks.  Two  papers,  containing  new  and  important  in- 
formation concerning  the  determination  of  the  age  and  identity  of  ink 
marks.     By  Webster  A.  Melcher,  LL.B.     19  pages,  Svo.     Philadelphia,  1912. 

Michigan  State  Board  of  Health.  Thirty-eighth  annual  report  of  the 
Secretary  for  the  fiscal  year  ending  June  30,  1910.  171  pages,  illustrations, 
Svo.     Lansing,  State  Printers,   191 1. 

L".  5".  Mines  Bureau.  Technical  Paper  S.  Methods  of  Analyzing  Coal 
and  Coke.  By  Frederic  M.  Stanton  and  Arno  C.  Fieldner.  21  pages,  illus- 
trations, Svo.     Washington,  Government  Printing  Office,   1912. 

Iowa  State  College  Engineering  Experiment  Station.  Sewage  Disposal 
Plants  for  Private  Houses.  44  pages,  plates,  Svo.  Ames,  Iowa,  College, 
1909. 

Annuaire  pour  I'an  1912,  public  par  le  Bureau  des  Longitudes.  Avec 
notices  scientifiques.  750  pages,  illustrations,  i6mo.  Paris,  Gauthier-Villars, 
no  date.     Price,  in  paper,  i  franc,  50c. 

Annuaire-statistique  International  des  installations  d'epuration  d'eaux 
d'egouts  au  ler  Juillet,  191 1,  par  B.  Berzault.  175  pages,  illustrations,  plates, 
maps,  Svo.     Paris,  Masson  et  Cie.,   191 1. 

Penrose's  Pictorial  Annual:  The  Process  Year  Book.  Edited  by 
William  Gamble.  1911-1912,  vol.  17.  London,  A.  W.  Penrose  &  Co.,  Ltd. 
New  York  agents,  Tennant  &  Ward.     Price,  in  cloth,  $2.50. 

Carnegie  Institution  of  Washington.  x\nnual  report  of  the  Director  of 
the  Department  of  Terrestrial  Magnetism,  191 1.  12  pages,  map,  Svo.  Re- 
printed from  Year  Book  No.  10,  pages  19S-207,  plate  9. 

U.  S.  Census  Bureau.  Forest  Products,  No.  2.  Lumber,  Lath,  and 
Shingles.  1910.  45  pages.  Svo.  Forest  Products,  No.  6.  Tight  Cooperage 
Stock.  1910.     12  pages,  Svo.     Washington,  Government  Printing  Office,  1912. 

U.  S.  Geological  Survey.  Mineral  Resources  of  the  United  States. 
Calendar  Year  1910.  Part  i,  Metals;  part  2,  Non-metals.  2  volumes, 
illustrations,  maps,  Svo.     Washington,  Government  Printing  Office,  191 1. 
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Improvements  in  Pyrometers.  R.  S.  Whipple.  (Electrician, 
Ixviii,  132.) — This  article  describes  some  improvements  which  will 
increase  the  value  of  pyrometers  in  industrial  work.  W.  S.  Peake's 
compensating  leads  are  described,  in  which  an  alloy  of  copper,  with 
a  very  small  proportion  of  nickel,  is  used,  which  gives  the  same 
electromotive  force  against  copper  as  the  platinum  couple,  and  yet 
has  a  resistance  only  very  little  greater  than  that  of  pure  copper. 
Cold  junction  control  is  discussed  and  the  toluol  regulator  or  cold 
junction  thermostat  as  designed  by  H.  Darwin  is  described.  Then 
Peake's  scale  control  box  for  use  with  thermo-electric  pyrometers 
is  referred  to,  and  the  Brearly  recalescence  curve  tracer  and  a 
thermo-couple  potentiometer,  designed  to  measure  accurately  small 
potential  differences  not  exceeding  30  millivolts.  Accounts  are 
given  of  the  Joly  meldometer,  the  Fery  spiral  pyrometer,  and, 
finally,  of  the  Whipple-Fery  pyrometer,  which  is  designed  to  deter- 
mine the  temperature  of  molten  iron  and  steel.  This  is  a  modifi- 
cation of  the  Fery  radiation  pyrometer,  in  which  the  concave  mirror 
is  permanently  fixed  in  position  at  the  open  end  of  a  long  tube  which 
is  closed  at  the  other  end.  The  mirror  is  permanently  focused  on 
the  inside  of  this  closed  end,  and  it  projects  a  heat  image  of  the 
closed  end  on  to  a  small  thermo-couple  as  in  the  standard  Fery  py- 
rometer. No  focusing  or  other  adjustments  are  required,  and  it  is 
found  that  in  practice  a  temperature  can  be  determined  in  about  one 
minute. 

Influence  of  Acid  in  Dyeing  with  Chrome  Dyestuffs.     E.  Ris- 

TENPART.  (Fdrber-Zeit.,  xxii,  477.) — The  nature  and  the  quan- 
tity of  the  acid  used  in  dyeing  wool  with  dyestuffs  which  require 
to  be  afterchromed  are  of  importance,  for  an  excess  of  acid,  espe- 
cially of  mineral  acid,  frequently  weakens  or  dulls,  or  even  entirely 
changes,  the  shade  obtained. 

Soot  Fall  in  London.  (The  Times,  Jan.  8,  1912.) — As  a  result 
of  a  series  of  investigations  extending  over  twelve  months,  the 
Lancet  calculates  that  the  annual  deposit  of  soot  on  the  adminis- 
trative county  of  London,  including  the  city  (117  square  miles), 
amounts  to  76,050  tons,  containing  over  6,000  tons  of  ammonia, 
8,000  tons  of  sulphates,  and  3,000  tons  of  chlorine  as  chlorides. 
These  figures  are  deduced  from  the  amount  of  soot  collected  at 
the  city  station ;  taking  the  Southwestern  metropolitan  station  as  a 
basis,  the  annual  deposit  would  average  53,820  tons. 
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'*  Elektra  "  Dry  Fire  Extinguisher  for  Electric  Installations. 

R.  Nagel,  {Elektrotechnik  nnd  Maschinenhau,  xxix,  581.) — This 
is  the  Elektra  Trockenfeuerloscher  made  by  H.  Kiinzel,  of  Koln- 
Lindenthal.  The  tests  were  made  in  the  Cologne  municipal  elec- 
tricity works.  The  apparatus  is  a  slightly  conical  tub'e,  750  mm. 
long,  charged  with  a  white  powder  which  liberates  carbon  dioxide 
when  heated;  the  tube  consists  of  an  insulating  material,  2  mm. 
thick.  The  powder  stood  50,000  volts  alternating  for  five  minutes 
when  forming  a  bridge  between  terminals  of  the  horn  type.  Arcs 
were  extinguished  by  throwing  the  powder  on  them,  and  a  fire 
built  of  wood  soaked  in  petroleum,  sending  up  flames  close  to  two 
vertical  bus-bars  under  12,000  volts  alternating,  was  extinguished 
without  danger  to  the  operators  and  without  causing  strong  current 
fluctuations. 

Battery  Truck-cranes  for  Handling  Freight.  Anon.  {Eng. 
Record,  Ixiv,  60.) — Each  truck  is  an  electric  vehicle  with  a  swing- 
ing crane  mounted  on  the  front  end.  The  hook  of  the  crane  is 
raised  and  lowered  by  a  i-ton  hoist  mounted  at  the  back  of  the 
crane;  the  motors  driving  the  hoist  and  the  vehicle  are  operated 
from  a  battery  at  the  rear  end  of  the  vehicles.  If  the  parcel  is  not 
to  be  moved  over  10  feet  vertically  it  can  be  deposited  within  a  6 
foot  to  8  foot  radius,  the  vehicle  remaining  stationary ;  or  the  par- 
cel may  be  lifted  and  the  vehicle  moved  to  the  point  of  deposit. 
The  vehicle  has  a  short  wheel-base  and  can  exert  a  draw-bar  pull 
of  2,000  pounds. 

A  Silica  Standard  of  Length.  G.  W.  C.  Kaye.  {Roy.  Soc. 
Proc,  Ser.  A,  Ixxxv,  p.  430.) — In  making  primary  standards  of 
length  objections  are  made  to  (i)  copper  alloys,  (2)  platinum,  (3) 
iridio-platinum,  (4)  nickel,  and  (5)  invar  for  various  reasons. 
Fused  silica  has  a  remarkable  combination  of  good  qualities:  (a) 
very  small  thermal  expansion,  (&)  very  small  thermal  hysteresis, 
(c)  cheapness,  (rf)  low  density;  while  its  weak  points,  viz.,  (a) 
frangibility,  (&)  comparatively  low  elasticity,  and  (c)  slight  solu- 
bility in  water,  can  be  treated  as  negligible  when  used  only  by 
skilled  operators,  as  is  the  case  with  primary  standards.  The  pres- 
ent metre  standard,  the  first  of  its  kind,  consists  of  a  tube  of  silica 
with  horizontal  slabs  of  the  same  material  fused  into  its  ends. 
These  slabs  are  optically  worked,  plane  and  parallel.  The  under 
sides  are  platinized,  and  the  defining  lines  of  the  standard  are  made 
by  ruling  through  the  platinum  film  with  a  diamond.  The  stand- 
ard is  supported  at  the  Airy  points.  Care  is  taken  to  allow  for 
viewing  the  defining  lines  through  the  slabs,  also  for  viewing 
through  water  or  other  liquids.  The  standard  was  annealed  by 
slowly  raising  it  to  450°  C,  maintaining  it  at  that  tem.perature  for 
eight  days,  and  slowly  cooling  it  during  fourteen  days.  Annealing 
caused  a  shrinkasfe  of  about  one-half  a  micron. 
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The   Constitution  and  Formation  of  Portland   Cement.     E. 

Leduc.  {Bull.  Soc.  d'Encoiirag.,  cxvi,  280.) — The  properties  of 
the  silicates,  aluminates,  and  ferrites  of  calcium  were  investigated, 
and  by  preparing  cements  of  varying  composition  light  has  been 
thrown  upon  the  effects  of  the  several  ingredients  on  the  proper- 
ties of  Portland  cement.  Great  care  was  taken  throughout  to  ensure 
thorough  mixing  of  the  ingredients  by  repeated  grindings  and  sift- 
ings,  and  to  obtain  each  ingredient  free  from  interfering  impuri- 
ties. Monocalcium  silicate  (SiOo,CaO)  has  no  hydraulic  proper- 
ties. Dicalcium  silicate  (Si02,2CaO)  has  no  hydraulic  properties 
and  spontaneously  falls  to  powder  on  cooling.  It  is  decomposed 
by  water  to  mono-calcium  silicate  and  calcium  hydroxide.  It  can- 
not, therefore,  be  prepared  in  the  wet  way.  Attempts  to  prepare 
tri-calcium  silicate  (SiOo,  3CaO)  were  unsuccessful.  Mono-  a.nddi- 
calcimn  aluminates  (AI2O3,  CaO  and  AI2O3,  2CaO)  both  possess 
hydraulic  properties  and  are  stable  in  hot  water.  Tri-calcium 
aluminate  (ALOg,  3CaO),  as  prepared,  hardened  quickly,  but 
swelled  out  in  boiling  water.  Ferrites  do  not  possess  hydraulic 
properties.  Silico-aluminates  and  silico-ferrites. — The  most  basic 
of  these  compounds  prepared  had  the  composition:  SiO,,  2.6CaO 
plus  4  per  cent,  of  alumina  or  ferric  oxide  in  the  form  of  AI0O3, 
2CaO,  or  FcoOs,  2CaO.  Cement. — The  temperature  of  burning  of 
normal  products  and  those  containing  24  per  cent,  of  clay  is  1400°- 
1500°  C.  As  the  proportion  of  clay  diminishes  the  temperature  re- 
quired is  higher.  The  replacement  of  alumina  by  ferric  oxide 
weakens  the  cement.  A  high  content  of  magnesia  causes  the  cement 
to  swell.  The  author  noted  that  certain  Seger  cones  appeared  to 
melt  at  temperatures  somewhat  distant  from  those  indicated,  and 
made  tests  of  the  cones  in  comparison  with  a  Le  Chatelier  pyrom- 
eter, and  gives  tables  of  results. 

Change  in  Length  of  Hardened  Steel.  A.  Leman  and  A, 
Werner.  (Zeitschr.  Instrumentcnkiinde  Beib.,  xvi,  167.) — Ex- 
periments made  on  end-standard  of  length  show  that  changes  occur 
after  hardening  if  the  standards  are  maintained  at  a  temperature 
of  150°  C.  for  several  hours.  After  a  given  time,  six  hours  in 
some  cases,  no  further  change  occurs.  The  lengths  are  measured 
every  hour  during  the  process. 

Volt-hour  Meters  for  Tramway  Systems.  R.  G.  and  J.  G. 
CuNLiFFE.  {Electrician,  Ixvii,  971.) — In  its  simplest  form  it  con- 
sists of  a  direct  current  motor  having  a  moving  armature  specially 
designed  so  that  its  speed  is  proportional  to  the  voltage.  The  meter 
is  arranged  to  read  in  volt-hours  on  a  dial  with  great  accuracy.  It 
can  be  had  used  either  in  a  stationary  position  or  on  a  car,  and  is  not 
subject  to  the  errors  that  trouble  instruments  which  record  by  a 
pen.  Owing  to  its  simple  construction  it  can  be  purchased  at  a  com- 
paratively low  cost. 
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Treatment  of  Refractory  Elements  for  Incandescent  Lamp 
Purposes.  R.  E.  Myers,  {Trans.  Amer.  Inst.  Chem.  Eng.,  iii, 
172.) — After  discussing  the  properties  necessary  in  an  element  for 
the  manufacture  of  electric  incandescence  lamp  filaments,  the  au- 
thor briefly  describes  the  manufacture  of  tungsten  filaments.  The 
raw  material  is  crude  tungstic  acid,  which  has  to  be  purified  very 
carefully.  The  most  deleterious  impurities  probably  present  are 
molybdenum,  arsenic,  and  phosphorus.  For  this  Smith  and  Exner's 
process  (Proc.  Amer.  Phil.  Socy.,  xliii,  123)  is  used.  Ammonium 
paratungstate  crystals  are  added  to  boiling  nitric  acid  (1:1  by 
vol.),  and  hydrochloric  acid  is  added  from  time  to  time,  and  the 
heating  is  continued  until  only  traces  of  chlorine  remain.  The 
tungsten  oxide  is  then  washed,  again  converted  into  paratungstate, 
and  the  treatment  repeated  until  the  tungsten  oxide  will  dissolve 
completely  when  digested  with  a  dilute  solution  of  sodium  car- 
bonate. To  prepare  the  plastic  mass  from  which  the  filaments  are 
squirted,  three  methods  may  be  used :  ( i )  the  tungsten  compound, 
preferably  the  brown  oxide  (WOo)  or  the  violet  oxide  (W2O5),  is 
mixed  with  an  organic  binder  (nitrocellulose  dissolved  in  amyl  ace- 
tate, gelatin,  starch,  gum  tragacanth,  etc.)  ;  (2)  tungstic  acid  is 
reduced  to  finely-divided  metallic  tungsten,  and  the  latter  is  mixed 
with  an  organic  binder,  or  dissolved  in  an  amalgam  of  cadmium  or 
bismuth;  (3)  ammonium  tungstate  or  tungstic  acid,  without  the 
addition  of  a  binder,  is  worked  into  a  pasty  mass,  which  will  flow 
under  pressure.  The  diamond  dies  used  in  squirting  the  filaments 
have  apertures  from  o.ooi  to  1.015  inch  diameter.  At  this  stage 
the  filaments  are  usually  practically  non-conducting  and  are  sub- 
jected to  a  heat  treatment  to  reduce  their  electrical  resistance. 
Those  consisting  of  tungsten  oxide  and  an  organic  binder  are  heated 
to  400°  C.  in  an  atmosphere  of  hydrogen ;  those  consisting  of  metal- 
lic tungsten  and  an  organic  binder  are  heated  to  600°  C.  in  a  non- 
oxidizing  atmosphere  produced  by  the  decomposition  of  the  binder, 
but  if  an  amyl  acetate  solution  of  nitrocellulose  has  been  used  as  a 
binder,  they  are  heated  slowly  to  1200°  C.  in  vacuo.  Filaments 
obtained  by  the  amalgam  process  are  heated,  preferably  in  a  vacuum, 
at  comparatively  low  temperatures.  All  the  filaments  are  then 
subjected  to  a  final  heating  by  means  of  an  electric  current  in  a  non- 
oxidizing  atmosphere  to  remove  the  last  traces  of  the  binder.  Ref- 
erence is  made  to  the  recent  production  of  ductile  tungsten  and 
molybdenum  and  to  the  advantages  of  the  "  wire-type  "  tungsten 
lamp,  both  in  respect  to  mechanical  strength  and  electrical  proper- 
ties. It  is  intended  to  manufacture  lamps  of  this  type  of  400  to  500 
candle-power  to  compete  with  arc  lamps.  It  is  claimed  that  the  400- 
candle-power  lamp  gives  more  light  than  the  ordinary  enclosed  arc 
lamp  and  has  a  slightly  higher  efficiency.  Lower  power  "  wire- 
type  "  lamps  are  especially  suitable  for  car  lighting.  Molybdenum 
is  of  no  use  for  lamp  filaments,  but  is  quite  suitable  for  the  manu- 
facture of  supports  for  the  filaments. 
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Electrolytic  Bullion  Refining  in  United  States.  E.  B.  Dur- 
ham. (Amer.  Inst.  Mining  Engin.,  Iviii,  811.) — The  electrolytic 
process  was  installed  in  the  Philadelphia  Mint  in  1902,  in  the  Den- 
ver Mint  in  1906,  and  in  the  San  Francisco  Mint  in  1908.  It  will 
also  be  used  in  the  New  York  Assay  Office  on  the  completion  of  the 
new  building.  The  mints  and  assay  offices  accept  bullion  carrying 
more  than  200  thousandths  of  precious  metals.  The  costs  of 
refining  run  from  i  cent  per  ounce  on  good  silver  bullion  to  8  cents 
per  ounce  on  bullion  carrying  800  thousandths  base.  The  costs  on 
ordinary  gold  bullion  average  4  cents  per  ounce.  On  account  of 
these  high  costs  on  very  base  bullion,  most  of  it  is  sent  to  private 
refineries  where  the  facilities  for  handling  this  grade  of  material 
are  better  and  the  refining  charges,  therefore,  less  than  at  the  mints. 
At  the  San  Francisco  Mint  bullion  containing  silver  is  treated  in 
cells  charged  with  a  nitric  acid  electrolyte.  These  cells  produce  fine 
silver  and  leave  a  residue  rich  in  gold.  This  residue,  together  with 
the  crude  gold  bullion,  is  treated  in  cells  having  a  chloride  elec- 
trolyte. These  produce  fine  gold  and  leave  a  residue  containing 
silver  chloride.  This  is  reduced  to  the  metallic  state  with  zinc,  and 
is  then  treated  in  the  silver  cells.  The  different  waste  solutions  and 
the  wash  waters,  after  being  freed  from  the  bulk  of  their  precious 
metals,  still  contain  copper  and  other  metals.  These  are  removed 
by  scrap  iron,  and  are  then  treated  in  the  copper  cells  having  a  sul- 
phate electrolyte.  These  cells  produce  pure  copper  and  collect  a 
residue  containing  lead,  some  gold  and  silver,  and  all  the  metals 
of  the  platinum  group  originally  in  the  bullion.  This  residue  is 
relatively  small,  and  is  melted  into  bars  and  stored  until  sufficient 
accumulates  for  treatment.  The  initial  treatment  of  the  bullion  is 
in  vertical  cells,  a  modification  of  the  Moebius  cell,  devised  at  the 
Philadelphia  Mint.  The  scraps  from  the  vertical  cells  are  re-treated 
in  the  horizontal  cells,  a  modification  of  the  Thom  cells.  Each 
type  of  cell  has  its  advantages  and  disadvantages.  The  Wohl- 
will  gold  process  is  used  at  all  the  mints ;  this  was  the  outcome  of 
experiments  to  separate  platinum  from  gold. 

Black  Waterproof  Dressing.  .A.non.  (Anier.  MacJi.,  xxxv, 
18,  850.) — A  black  waterproof  dressing  for  railway  and  wagon  cov- 
erings, tarpaulins,  etc.,  can  be  made  l)y  mixing  together  7  pounds  best 
black  paint,  ^  pound  powdered  litharge,  i  pint  oak  varnish,  y^  pint 
boiled  linseed  oil,  and  5^  pint  thick  boiled  oil.  Apply  as  an  ordinary 
paint. 
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[During  the  development  of  radio-telegraphy  and  radio-telephony  there 
have  appeared  many  devices,  including  various  forms  of  discharge  gaps 
and  arcs,  for  the  production  of  high-frequency  oscillations.  The  following 
contribution  presents  yet  another  method,  which  was  discovered  by  the 
author,  for  the  production  of  oscillatory  currents  of  high  frequency;  an 
arrangement  which  at  first  sight  may  appear  to  differ  but  slightly  from  some 
hitherto  known  systems,  but  which,  on  closer  study,  will  be  seen  to  be 
new  in  electrical  action.  Besides  being  new,  this  system  possesses  some 
interesting  characteristics  and  some  advantages  over  the  other  systems, 
which  render  it  useful.  A  brief  study^  of  the  system  is  given  in  the 
following  pages,  together  with  some  notes  on  its  successful  application  to  wire- 
less telephony.] 

If  an  ordinary  spark  discharge  of  a  condenser  takes  place 
in  a  primary  circuit,  which  is  coupled  to  a  closed  or  open  secon- 

^  For  a  more  detailed  study  see  "  A  New  Method  of  Impact  Excitation 
of  Undamped  Oscillations  and  Their  Analysis  by  Means  of  Braun-Tube  Oscil- 
lographs," by  E.  L.  Chafifee,  Proceedings  American  Academy  of  Arts  and 
Sciences,  vol.  xlvii,  No.  9,  Nov.,  191 1. 

[Note. — Tlie  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributors  to  the  Journal.] 
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dary  circuit,  there  are  produced  in  the  two  circuits  oscillations  of 
two  periods.  These  two  periods  result  from  the  interaction  of 
the  currents  in  the  two  circuits,  causing  the  energy  to  be  alter- 
nately interchanged  from  one  circuit  to  the  other.  Since  we  are 
chiefly  interested,  in  this  discussion,  in  the  conditions  which  give 
a  maximum  amplitude  of  current  in  the  secondary  circuit,  the 
two  circuits  are  to  be  considered  as  adjusted  to  the  same  natural 
period.  Fig.  i  (a)  shows  the  graph  of  the  currents  in  the 
primary  and  secondar}^  circuits  for  the  case  just  considered. 

The  disadvantages  of  the  ordinary  spark-discharge  system 
are  obvious.  The  periodic  return  of  energ}'  into  the  primary 
circuit  causes  a  useless  dissipation  of  heat  in  the  spark  gap,  and, 
aside  from  the  wear  and  tear  on  the  gap,  the  efficiency  of  the 
system  is  greatly  reduced.  The  double  periodicity  of  the  oscil- 
lations is  undesirable  in  wireless  telegraphy  not  only  because 
the  energy  is  divided  between  the  two  periods,  but  because  of  the 
greater  interference  of  signals. 

A  marked  improvement  over  the  ordinary  spark-discharge 
system  is  found  in  the  quenched-spark  method  of  producing 
oscillations.  The  Lepel  system  ^  is  an  example  of  this  class  of 
generators.  The  success  of  this  system  depends  upon  the 
properties  of  certain,  short,  rapidly-cooled  gaps  which  are  char- 
acterized by  a  loss  in  conductivity  as  soon  as  the  amplitude  of 
the  oscillations  in  the  primary  circuit  becomes  zero;  but  this  loss 
in  conductivity  is.  in  general,  not  rapid  enough  to  quench  out 
the  primary  oscillations  when  the  current  alone  becomes  zero. 
After  the  primary  circuit  ceases  to  oscillate,  the  secondary  circuit 
continues  to  vibrate  in  its  natural  period.  The  graphs  of  the 
oscillations  for  this  system  are  shown  at  b.  Fig.   i. 

The  secondary  oscillations  of  the  quenched-spark  system  are 
of  three  periods ;  namely,  the  two  coupling  periods  when  the 
primary  is  active,  and  the  natural  period  of  the  secondarv^  circuit 
after  the  primary  oscillations  have  been  quenched. 

The  diagrams  given  at  a  and  &  of  Fig.  i  represent  the  con- 
ditions for  only  one  oscillation  train.  In  the  case  of  the  first 
system,  the  spark  or  train  frequency  is  only  a  few  hundred  per 

*  Lepel,  Electrician   (London),  63,  pp.  142,  157,  174,  345,  376  (1909):  64, 
PP-  153.  386  (1909-10)  ;  G.  W.  Nasmyth,  Phys.  Rev.,  32,  No.  i,  103  (1911). 
Peukert  arc,  Electrician  (London),  64,  361,  550. 
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second,  which  means  that,  in  general,  the  interval  of  time  separat- 
ing the  successive  trains  is  several  hundred  times  longer  than 
the  time  of  duration  of  one  train.  The  quenched-spark  system 
allows  of  a  spark  frequency  of  several  thousand  per  second.  By 
the  use  of  specially-constructed  rotating  gaps,  the  spark  frequency 
can  be  pushed  to  20,000  or  30,000  per  second.  Even  with  these 
highest  frequencies,  which  are  seldom  if  ever  used  in  practice, 
there  would  be  about  twenty-five  secondary  oscillations  of  a 
wave  length  of  500  metres,  between  primary  trains,  provided  the 
damping  were  not  sufficient  to  reduce  the  oscillations  to  zero  dur- 
ing the  intei*val. 

The  new  system,  herein  to  be  described,  depends,  in  its  action, 
upon  the  properties  of  a  special  discharge  gap  when  working  in 
conjunction  with  properly-adjusted  circuits.  The  action  of  the 
system  is  disclosed  by  c  of  Fig.  i,  which  shows  the  marked 
difference  in  action  of  this  system  from  that  of  the  others.  As 
will  be  seen,  the  primary  circuit  executes  rectified  impulses  of 
approximately  double  the  period  of  the  secondary  oscillation. 
Because  of  this  fact,  because  of  the  particular  shape  of  the 
primary  impulses,  and  because  of  the  fact  that  these  impulses 
always  occur  automatically  in  the  proper  phase  relation  with  the 
secondary  oscillations,  the  latter  are  sinusoidal  in  form,  are  con- 
tinuous, and,  if  the  primary  impulse  frequency  be  sufficient,  are 
constant  in  amplitude.  The  primary  impulse  frequency  may  be 
adjusted  at  will,  but  is  usually  several  hundred  thousand,  and 
may  be  a  million  or  more,  per  second.  Fig.  i  shows  the  primary 
impulses  occurring  every  two  secondary  oscillations.  This  is  not 
always  the  case,  for  the  conditions  can  be  adjusted  so  that  the 
impulses  occur  every  three,  four,  etc.,  up  to  any  number  of 
secondary  oscillations.  Since  the  primary  impulses  are  rectified, 
the  secondary  circuit  returns  practically  no  energy  to  the  primary 
circuit,  and  the  secondary  circuit,  therefore,  oscillates  with  but 
one  period,  i.e.,  its  own  free  period. 

Other  details  and  interesting  characteristics  of  this  system 
will  be  considered  below. 

Although  this  system  is  not  an  arc  system,  yet  the  resulting 
oscillations  possess  the  continuity  of  the  arc  oscillations,  but  with 
a  greater  constancy  of  wave  length  and  an  improvement  of  wave 
form.  A  more  detailed  comparison  with  the  Poulsen-arc  system 
will  be  found  in  the  section  on  wireless  telephony. 
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the  oscillatory  system. 
( I )   The  Gap  and  Connections. 

The  gap  consists  essentially  of  an  aluminum  cathode  and  an 
anode  of  some  other  metal,  such  as  copper  or  silver,  both  water 
or  air  cooled  and  surrounded  by  an  atmosphere  of  moist  hydro- 
gen. The  active  surfaces  of  the  terminals  are  accurately  parallel 
planes  of  one  or  two  square  centimetres  area,  and  adjustable  as 
to  distance  separating  them,  which,  for  the  best  results,  is  about 


Fig. 


Air-cooled  Cu-Al  discharge  gap.    One-half  natural  size. 


.07  mm.  Large  terminals  are  undesirable  on  account  of  the 
increased  electrostatic  capacity  of  the  gap,  which  must  be  small 
in  comparison  with  the  main  capacity  of  the  circuit. 

For  the  cathode,  aluminum  is  the  only  metal  which  gives  at 
all  satisfactory  results,  and  the  gap  should  be  constructed  so 
that  the  terminals  can  be  occasionally  renewed.  After  the  gap 
has  been  in  operation  for  some  time  the  aluminum  becomes 
pitted  and  covered  with  a  very  hard  oxide  which  is  difficult  to 
remove.     One  electrode  was  operated,  however,    for  over  one 
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hundred  hours  with  fairly  satisfactory  results  at  the  expiration 
of  that  time. 

Several  metals  work  well  as  anode,  the  latter  apparently  play- 
ing very  little  part  in  the  action  of  the  gap.  It  appears,  however, 
that  the  denser  metals  of  high  cathode  drop,  such  as  copper  and 
silver,  are  desirable.  The  anode,  with  occasional  cleaning,  will 
serve  indefinitely. 

Although  the  amount  of  heat  produced  in  the  gap  is  small, 
some  method  of  cooling  the  terminals  is  necessary.     Air  cooling 

Fig.  3. 


Details  of  water-cooled  Cu-Al  gap.    Two-fifths  natural  size. 


by  means  of  radiating  vanes  is  to  be  preferred  on  account  of 
convenience  and  simplicity.  Fig.  2  gives  the  details  of  an  air- 
cooled  gap,  the  right-hand  half  in  section.  At  e  there  is  shown 
the  Al  electrode  which  is  held  by  a  taper-fit  in  the  massive 
terminal  t.  Opposed  to  this  Al  electrode  is  a  similarly  shaped 
copper  electrode  held  by  taper-fit  in  a  similar  massive  terminal. 
These  terminals  are  threaded  and  engage  in  the  side  castings  c  c, 
and  are  provided  with  blackened  metallic  radiating  vanes  as 
shown.     The  side  castings  are  separated  by  a  thin  slab  of  hard 
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rubber  or  asbestos  board,  which  has  a  central  circular  hole  to 
serve  for  the  gap  chamber  h.  Rubber  handles  r  r  are  for  use  in 
adjustment.  The  inlet  and  outlet  for  the  hydrogen  are  shown 
at  i  and  o. 

A  water-cooled  gap  as  shown  in  Fig.  3  was,  however,  used 
throughout  this  investigation.  By  reference  to  the  drawing  this 
gap  is  seen  to  consist  of  two  hollow  threaded  electrodes  capped 
with  aluminum  and  copper,  respectively,  and  each  provided  at 
the  outside  end  with  an  inlet  and  outlet  tube  for  the  passage  of 
the  cooling  water.  The  terminals  are  enclosed  in  a  hard  rubber 
casing  provided  with  a  circular  glass  front.  Hard  rubber  disks 
attached  to  the  electrodes  serve  for  adjusting  handles. 

The  general  diagram  of  connections  is  shown  in  Fig.  4.  .S"  is 
a  source  of  direct  current  of  a  few  hundred  volts.     In  the  follow- 


Diagram  of  connections. 


ing  experiments  about  500  volts  were  used.  /„  is  a  D.  C.  ammeter 
which  measures  the  current  in  the  supply  circuit.  This  circuit 
also  contains  the  two  inductances  or  choke  coils  Lq  Lq,  and  a 
variable  resistance  Rq,  capable  of  reducing  the  current  to  about 
0.2  ampere.  In  the  following  experiments  Lq  Lo  are  ordinary 
A.  C.  arc-light  inductances,  and  R^  is  a  resistance,  adjustable  in 
one-half  ampere  steps,  in  series  with  a  variable  copper-sulphate 
electrolytic  resistance,  for  closer  regulation  of  current.  Cj  and 
Co  are  variable  air  condensers,  G  the  gap,  L^  and  Lo  the  variable 
primary  and  secondary  of  the  closely-coupled  oscillation  trans- 
former, and  /o  a  hot-wire  ammeter.  The  secondary  circuit  is 
here  shown  as  a  closed  circuit,  but  an  open  antenna  circuit  may 
be  used. 
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(2)   Operation  of  Gap. 

The  system  will  start  on  closing  the  switch  if  the  distance 
between  the  terminals  is  not  much  greater  than  o.i  mm.  In 
appearance  the  discharge  resembles  a  very  minute  arc,  of  an 
intense  reddish-purple  color,  absolutely  quiet  and  stationary.  The 
discharge  remains  at  one  point  on  the  electrodes  for  several 
minutes  until  the  aluminum  is  slightly  pitted,  when  it  suddenly 
shifts  to  another  point.  When  the  discharge  is  examined  by 
means  of  a  spectroscope  only  the  primary  hydrogen  spectrum 
appears  with  an  occasional  weak  fiashing-up  of  a  few  of  the 


Fig.  5. 
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LENGTH  OF  GAP 

Effect  of  changing  length  of  gap. 

Io  =  .335  ampere. 
A2  =  106  meters. 
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aluminum  lines.  Plate  i&  gives  the  discharge  spectrum  with  an 
aluminum  comparison  spectrum.  It  is  evident  from  the  figure 
that  the  metals  are  not  vaporized,  and  the  indications  are  that  the 
conduction  is  entirely  by  gaseous  ionization. 

In  order  to  show  the  effect  on  the  intensity  of  the  secondary 
oscillations  of  varying  the  length  of  the  gap,  the  curve  shown 
in  Fig.  5  was  taken.  It  is  seen  that  the  intensity  of  the  secondary 
current,  as  measured  by  the  hot-wire  ammeter,  is  roughly  in- 
dependent of  the  length  of  the  gap.  At  0.18  mm.  the  secondary 
current  is  a  maximum,  but  at  about  this  length  of  the  gap  the 
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discharge  begins  to  hiss  and  become  unsteady.  For  other  values 
of  the  main  current,  h,  the  curve  would  be  slightly  different,  but, 
in  general,  the  best  results  are  obtained  with  a  gap  length  of 
from  .04  to  .09  mm. 

The  effect  of  changing  the  pressure  of  the  hydrogen  was 
investigated.  Apparently  atmospheric  pressure  gives  the  most 
satisfactory  results,  although,  for  decreased  pressure,  the  oscilla- 
tions are  possibly  slightly  more  intense  until  the  pressure  of 
about  10  or  20  cm.  is  reached,  when  they  rapidly  become  weaker. 
Increased  pressure  is  decidedly  detrimental. 

The  following  is  a  brief  review  of  the  events  during  one 
cycle,  the  details  of  which  will  be  considered  more  at  length 
later.  It  is  clearest,  in  tracing  the  sequence  of  phenomena,  to 
begin  at  the  instant  after  the  system  has  been  started,  when  the 
potential  of  the  primary  condenser  Ci  (Fig.  4)  has  attained  a 
value  sufficient  to  break  down  the  high  resistance  of  the  gap. 
The  gap  resistance  rapidly  falls  to  a  very  low  value  as  the  dis- 
charge of  condenser  C^  and  the  main  current  h,  which  was 
previously  flowing  into  C^  and  which  remains  practically  con- 
stant on  account  of  the  inductances  L^  L^,,  rush  across  the  gap  and 
through  the  primary  coil  L^.  This  current  rush  takes  place 
according  to  a  definite  positive  loop  of  current  with  respect  to 
time,  the  shape,  amplitude,  and  duration  of  which  depend  upon 
the  constants  of  the  circuit,  the  rapidity  of  absorption  of  energy 
by  the  secondary  circuit,  and,  to  a  slight  extent,  upon  the  con- 
ditions of  the  gap  and  strength  of  the  main  current  /«.  The 
condenser  C^  is  discharged  and  charged  somewhat  in  the  op- 
posite direction  by  this  positive  current  rush.  If  conditions  are 
right  the  discharge  stops  as  soon  as  /,  becomes  zero,  there  being 
no  inverse  current.  The  secondary  receives  a  certain  increment 
of  energy  from  this  discharge,  and  continues  to  oscillate  after 
the  primary  discharge  stops. 

This  absence  of  inverse  current  above  referred  to  is  due  to 
the  combination  of  three  conditions.  First,  and  most  important, 
is  the  practically  instantaneous  re-establishment  of  the  high 
initial  gap  resistance  when  the  current  becomes  zero,  due  prob- 
ably to  the  formation  of  an  insulating  oxide  film  on  the 
aluminum ;  second,  the  higher  cathode  drop  of  the  anode  metal ; 
third,  the  absorption  of  energy  by  the  secondary,  although  recti- 
fication usually  takes  place  without  this  aid. 
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At  the  end  of  the  above-mentioned  current  rush  the  current 
through  the  gap  is  zero  and  the  condenser  Cy  has  an  inverse 
charge.  Since  the  main  current  must  remain  constant,  it  is  now 
flowing  into  Cj,  it  having  been  gradually  shifted  over  to  Cj  as 
/i  decreased  toward  zero.  The  main  current  Iq  flows  into  Ci 
at  a  practically  constant  rate,  neutralizing  the  inverse  charge  and 
charging  it  in  the  initial  direction.  The  potential  difference  of 
Ci  increases  uniformly,  attaining  a  much  higher  value  than  exists 
outside  the  choke  coils.  This  uniform  increase  in  potential  of 
the  primary  condenser  is  very  useful,  as  will  appear  later. 

Impressed  across  the  gap  is  the  potential  difference  of  the 
condenser  Cj  plus  the  ripples  induced  in  the  primary  circuit  by 
the  secondary  current,  these  potential  ripples  serving  as  a  trigger 
to  start  the  primary  discharge  on  a  second  cycle  in  the  proper 
pihase  relation  with  the  secondary  oscillation. 

It  is  evident  from  the  above  consideration  that,  on  account 
of  the  inductances  L ,  L,,.  the  condenser  C^  can  attain  a  much 
higher  difference  of  potential  than  that  of  the  source,  the  mag- 
nitude of  this  condenser  potential  being  determined  by  the 
breaking-down  potential  of  the  gap.  It  is  also  clear  that,  if  this 
breaking-down  potential  be  assumed  approximately  constant,  the 
number  of  discharges  of  C-^  per  second  depends  upon  the  main 
current  /,,. 

The  duration  of  each  primary  discharge  does  not,  as  has 
been  stated,  depend  upon  the  supply  current,  so  that  it  is  only  the 
duration  of  the  interval  between  primary  discharges  which 
changes  with  varying  main  current.  The  secondary  continues  to 
oscillate  during  these  intervals  with  decreasing  amplitude  accord- 
ing to  the  damping  of  the  secondary  circuit.  In  what  follows  the 
number  of  secondary  oscillations  tO'  one  primary  discharge  and 
charge  is  spoken  of  as  the  "  inverse  charge  frequency  referred  to 
the  secondary  oscillation  "  or  simply  I.  C.  F. 

From  what  has  been  said  it  is  clear  that  the  secondar\^ 
receives  periodic  impulses  from  the  primary,  the  frequency  of 
these  impulses  depending  upon  the  main  current  and  the  capacity 
of  the  primary  condenser.  During  the  intervals  of  non-activity 
of  the  primary  circuit  the  secondary  circuit  oscillates  in  its  own 
free  period  and  with  damping  determined  solely  by  the  con- 
ditions of  the  secondary  circuit,  such  as  resistance  and  radiation. 
As  has  been  stated,  the  amplitude  of  the  oscillation  can,  however, 
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be  maintained  practically  constant  by  making  the  primary  im- 
pulses occur  every  two  or  three  secondary  oscillations,  and,  if 
the  damping  in  the  secondary  circuit  be  small,  the  resulting 
oscillations  are  then  almost  perfectly  undamped  and  continuous. 

(3)    The  Syntony  Conditions. 

In  order  that  the  maximum  energy  be  transferred  to  the 
secondar}^  circuit  there  are  two  conditions  of  syntony,  as  they 
may  be  termed,  to  be  fulfilled.  In  the  first  place,  the  primary 
discharges  must  always  occur  in  the  proper  phase  relation  with 
the  secondary  oscillation,  or,  in  other  words,  the  I.  C.  F.  must  be 
a  whole  nuinber.  In  general  the  I.  C.  F.  is  between  5  and  16  or 
20,  and  this  first  condition  of  syntony  is  automatically  forced  by 
the  strong  reaction  of  the  secondary  current  upon  the  primary 
circuit,  but  when  the  I.  C.  F.  is  of  the  order  of  2  or  3  the  adjust- 
ment for  this  condition  of  syntony  must  be  more  carefully  made. 

The  second  condition  of  syntony  is  that  the  shape  of  the 
primary  wave  or  current  rush  must  be  such  that  the  resulting 
electromotive-force  impulses  in  the  secondary  circuit,  due  to  the 
different  parts  of  the  primar}^  wave,  bear  the  proper  phase 
relation  to  the  secondary  wave.  With  a  fixed  secondary  circuit 
the  first  condition  can  be  obtained  by  varying  the  main  current 
/o^  or  the  primary  capacity  C^.  The  second  condition  of  syntony 
can  be  established  by  changing  the  primary  inductance  L^. 

The  two  conditions  of  syntony  are  illustrated  by  the  curves 
of  Figs.  6  and  7.  In  Fig.  6  the  full  line  curve  gives  the  variations 
of  the  secondary  current,  /o,  plotted  to  an  arbitrary  scale,  as  the 
main  current,  /,„  is  varied,  and  shows  maxima  and  minima  of 
/o  as  the  first  condition  of  syntony  is  more  or  less  perfectly  ful- 
filled. The  dotted  disconnected  lines  give  the  maximum  wave 
length  readings  of  the  wave  meter,  excited  by  the  primary  dis- 
charge, as  ordinates  plotted  to  the  variable  /o.  The  third  dot- 
and-dash  curve  is  the  reading  of  the  wave  meter  when  set  on  the 
primary  circuit,  and  when  the  secondafy  circuit  is  open. 

In  further  explanation  of  Fig.  6  attention  is  called  to  the 
following  facts.  It  is  evident  that  if  the  potential  to  which  the 
condenser  is  charged  is  practidally  the'sa'me  under  all  condition^ 
— ^^and  experiment  shows  that  this  is' ;  appi'Cb^imately'  the  c^s'e--| 
then  with  a  given  Cj^  the"' nufnber  of  dischafges' per  secoiid- i"n 
the  prirfiaty  arciiit Ig'miiPily -pfofio  Gtirretif /«;•:  Thi& 
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actual  spark  frequency  produces  in  the  wave  meter  an  effect 
corresponding  to  a  wave  of  that  frequency.  This  primary 
fundamental  wave  length,  as  it  will  be  called,  plotted  to  Iq  would 
give  a  curve  of  the  general  shape  given  by  the  dot-and-dash  line 
in  the  figure.  When,  however,  the  secondary  circuit  is  closed 
the  secondary  current  exerts  an  equilibrating  influence  on  the 
primary  discharge,  helping  it  to  occur,  as  has  been  stated,  at  a 
definite  time  in  relation  to  the  secondary  current,  thereby  forcing 

Fig.  6. 
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Illustration  of  syntony  to  charge  frequency. 

Aj  =  95  metres. 

Ci  =  80X  10-6  M./. 

C2=  60  X    10—5  /l.^. 


the  primary  circuit  to  operate  according  to  the  short  horizontal 
lines.  For  instance,  by  reference  to  the  figure  it  is  seen  that,  for 
a  supply  current  of  0.7  ampere,  the  unforced  primary  funda- 
mental wave  length  is  350  metres.  The  frequency  corresponding 
to  this  is  about  860,000  per  second,  which  means  that  there  are 
that  number  of  primary  discharges  occurring  per  second.  When, 
however,  the  secondary  circuit,  having  a  natural  wave  length, 
^2  =  95  metres,  is  closed,  conditions  are  different  on  account  of 
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the  absorption  of  energy  by  the  secondar}-  circuit,  and  the 
primary  discharges  at  a  rate  corresponding  to  a  wave  length  of 
about  280  metres.  This  is  about  three  times  Xo,  showing  that 
the  I.  C.  F.  is  3.  As  the  supply  current  is  decreased  the  primary 
is  forced  by  the  secondary  to  discharge  at  this  rate  until  the  cur- 
rent has  become  so  small  that  the  slower  rates  corresponding  to 
I.  C.  F.'s  of  4  or  5  are  more  stable.     When  conditions  are  least 

Fig.  7. 
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forced  for  these  values  of  I.  C.  F.  a  maximum  of  secondary  cur- 
rent is  observed  as  shown  at  /„  =  0.46  in  the  figure.  It  is  seen 
that  for  the  steep  part  of  the  dot-and-dash  curve  the  I.  C.  F. 
jumps  between  several  successive  values.  It  is  also  now  easy  to 
understand  that  the  maxima  of  secondary  current  naturally  occur 
at  values  of  Iq  where  the  I.  C.  F.  is  less  forced. 

The  second  condition  of  syntony,  namely,  the  syntony  of 
wave  form,  is  represented  in  Fig.  7.     In  this  case  the  hot-wire 
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ammeter  reading  was  taken  in  the  secondary  circuit  as  an  in- 
ductance, in  series  with  the  primary  of  the  oscillation  transformer, 
was  varied,  the  abscissa  scale  being  in  turns  of  the  coil.  A 
variation  of  this  inductance  changes  the  natural  period  of  the 
primary  circuit,  thus  affecting  the  time  of  duration  of  the  primary 
impulses  without  materially  changing  their  frequency.  The  dis- 
connected curve,  marked  >^i,  represents  the  primary  fundamental 
wave  length  plotted  to  turns  of  inductance.  The  cur^^e  of 
secondary  current  shows  the  marked  maximum  when,  the  I.  C.  F. 
remaining  constant,  the  primary  discharge  loop  has  the  best 
duration  compared  to  the  period  of  the  secondary  oscillation.  The 
forcing  by  the  secondary  oscillation  of  the  primary  condenser  to 
discharge  at  the  frequency  corresponding  to  a  wave  length  of 
138  meters  is  well  shown  by  the  ^■^  curve. 

Several  measurements  were  taken  of  the  natural  period  of 
the  primary  circuit  when  adjusted  to  give  maximum  secondary 
current,  for  dift'erent  secondary  wave  lengths,  and  it  was  found 
that  this  natural  primary  period  divided  by  the  corresponding 
secondary  period  was,  in  every  case,  within  one  or  two  per 
cent,  of  the  quantity  1.71. 

(4)   Pozver  and  Efficiency. 

The  closeness  of  the  coupling,  or,  what  is  of  more  importance, 
the  mutual  inductance  between  the  primary  and  secondary  cir- 
cuits, should,  for  the  best  results,  be  adjusted  according  to  the 
amount  of  power  delivered  by  the  secondar}^  circuit.  Various 
power  and  efficiency  curves  of  the  system  have  been  taken  and 
may  be  found  in  the  more  complete  paper  referred  to  above. 
Only  a  few  general  deductions  will  be  given  here. 

The  maximum  power  obtainable  in  the  secondary  circuit  from 
one  gap  is  about  40  to  50  watts. 

The  efficiency  is  generally  between  30  per  cent,  and  40  per 
cent.,  but  may  be  somewhat  higher.  The  maximum  efficiency  is 
generally  obtained  when  the  supply  current  is  from  .3  to  .8 
ampere,'    •  "'    ^  ■• 

The  curves  of  Fig.  8^  are  typical  and  show  the  effect  on  the 
efficiency  of  changing  the  supply  cun^ent;  /q:  The'  secondary 
wave  length  was.,  maintained  constant"  at  lOO' metres.  The  full 
linev  curves  sHow^the- variations  in  current  in  amperes  ih  the 
sec©ndaiy:diToiiit- fori  three  v;^l^yesioj6;secondary.  resistance,  as  the 
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main  supply  current,  /q,  is  varied  from  o  to  1.5  amperes.  The 
dotted  curves  give  the  efficiencies  for  the  three  curves,  plotted 
to  the  right  hand  scale. 

If  greater  power  is  required,  gaps  can  profitably  be  operated 
in  series.  Two  gaps  work  perfectly  and  three  gaps  well  on  500 
volts,  with  much  increased  power  output.  Four  gaps  were  satis- 
factorily run  on  1000  volts,  but  in  general  there  is  a  slight 
sacrifice  of  regularity  of  operation  as  the  number  of  gaps  in 
series  is  increased. 


Fig.  8. 
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The  amount  of  power  obtained,  when  gaps  are  operated  in 
series  with  a  definite  supply  current,  is  not  directly  proportional 
to  the  number  of  gaps.  When  two  gaps  are  operated  in  series, 
the  power  output  is  almost  twice  that  from  one:  gap.  When 
more  gaps  are  connected  in  series,  the  gain  in  power  is  much  less, 
the  greater  the  number  of  gaps  the  less,  the  gain  in  power- o.utput. 

The  average  voltage  across  one  gap  ranges  from  loo  to  200. 
As  the  number  of  gaps  in  series  is- increased,  the  current  being 
constant,  the  voltage  across  the  series  is  practically  prDpottional 
to  the  number  of  gaps.    .      ■  ,  '    '/  ,    .     .^•-. 
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The  efficiency  of  the  system,  when  gaps  are  operated  in 
series,  decreases  as  the  number  of  gaps  is  increased. 

The  curves  of  Fig.  9  give  an  idea  of  the  result  of  increasing 
the  number  of  gaps  in  series.  The  values  of  the  efficiency  and 
power  may  be  somew^iat  misleading  as  the  adjustments  were 
not  for  conditions  of  maximum  power  and  efficiency.  The  gen- 
eral shape  of  the  curves,  however,  ma)^  prove  of  interest. 


Fig.  9. 
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STUDY  OF  THE  OSCILLATIONS  BY  MEANS  OF  BRAUN-TUBE 
OSCILLOGRAPHS. 

( I )    The  Braun  Tubes. 

The  general  appearance  of  the  Braun  tubes,^  which  were  used 
in  this  part  of  the  work,  is  given  in  Fig.  10.  The  usual 
aluminum  diaphragms  were  found  unsuitable  and  were  replaced 
by  glass  diaphragms  having  the  shape  of  a  truncated  cone,  the 
apertures  being  about  .5  tp  .7  mm.  in  diameter. 

Braun  tubes  making  use  of  electrostatic  deflection  of  the 
cathode  beam  were  also  used  in  parts  of  the  experiment.  They 
are  essentially  the  same  as  those  just  described  with  the  addition 
of  the  two  electrostatic  deflecting  plates.  These  plates  are  about 
8  by  2.5  cm.  in  dimensions,  and  are  sealed  inside  the  tubes  about 
2.5  cm.  apart. 

The  tubes  were  operated  on   from    10,000  to  20,000  volts 


*F.  Braun,  Wied.  Ann.,  60,  552  (1897)  ;  Elektrot.  Ztschr.,  19,  204  (1898). 

Zenneck,  Ann.  d.  Physik.,  9,  497    (1902). 

J.  M.  Varley,  Phil.  Mag.,  3,  Soo  (190a). 

Varley    and    Murdock,    Electrician    (London),    55,    335    (1905)- 
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direct  current,  derived  from  Professor  Trowbridge's  40,000-volt 
secondary  battery.  A  large  resistance,  composed  of  tubes  of 
running  water,  was  placed  in  series  with  the  tubes  in  order  to 
control  the  current  should  the  vacuum  change. 

The  tubes  were  in  connection  with  a  Gaede  mercury  pump 
in  order  to  maintain  the  pressure  in  the  tubes  at  just  the  right 
value. 

In  order  to  eliminate  the  deflection  of  the  beam  by  the  earth's 
magnetic  field,  the  tubes  were  mounted  with  their  axes  parallel 
to  the  earth's  magnetic  force,  which  mounting  gave  the  tubes  an 
inclination  of  about  70°  with  the  horizontal.  The  camera,  for 
photographing  the  oscillographs,  was  directed  downward,  view- 
ing the  upper  or  front  surface  of  the  fluorescent  screen.  Plate  i  a, 
shows  the  general  arrangement  of  apparatus. 

Fig.  10. 
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Braun  tube  and  deflecting  coil. 


The  deflecting  coils  which  were  used  in  this  investigation  for 
the  magnetic  deflection  of  the  cathode  beam,  were  composed  of 
from  two  to  sixteen  rectangular  turns  of  copper  wire,  .325  cm. 
in  diameter,  half  of  the  turns  being  on  either  side  of  the  tube. 
The  turns  were  about  7  or  8  cm.  in  width,  and  from  10  to  12 
cm.  in  length.  A  nearly  uniform  field  within  the  coil  is  secured 
by  making  the  width  of  the  rectangular  turns  1/2  times  the 
distance  between  the  planes  of  the  two  parts  of  the  coil. 

When  using  high  frequencies,  the  difference  in  potential  be- 
tween two  parts  of  the  same  coil,  due  to  inductance,  is  sufficient 
to  cause  very  large  electrostatic  deflections  of  the  cathode  beam. 
This  disturbance  is  most  effectually  eliminated  by  surrounding 
the  tube,  inside  the  coil,  by  a  split  solenoid  of  fine  insulated 
copper  wire  wound  on  a  paper  tube.  This  device  completely 
shields  the  cathode  beam  from  electrostatic  disturbances,  but 
allows  the  magnetic  forces  to  pass  undiminished. 

When  the  Braun  tube  is  used  for  alternating  currents  of  com- 
mercial frequencies,  or  for  phenomena  taking  place  in  a  few 
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hundredths  of  a  second,  the  velocity  of  the  luminous  spot  over 
the  screen  is  small  enough  to  give  a  visible  streak  of  light  even 
if  the  phenomenon  lasts  for  only  one  cycle. 

When  high  frequency  currents  are  used,  however,  the  velocity 
of  deflection  of  the  cathode  beam  is  so  great  that  it  is  necessary 
that  the  luminous  spot  travel  over  the  same  path  thousands  of 
times  a  second  in  order  that  even  a  visible  effect  may  be  observed, 
and  many  more  times  if  a  photographic  record  is  to  be  taken  with 
a  reasonable  exposure. 

It  is  then  apparent  that,  if  a  sequence  of  instantaneous 
phenomena  is  to  be  delineated  by  causing  the  cathode  beam  to 
trace  out  a  pattern  on  the  fluorescent  screen  of  the  Braun  tube, 
the  cycle  of  events  must  repeat  many  hundreds  of  thousands  of 
times  a  second,  and  with  such  regularity  that  the  spot  of  light 
will,  each  cycle,  travel  over  exactly  the  same  path. 

When  using  the  Braun  tube  for  studying  electrical  oscillations, 
this  is  usually  more  or  less  of  a  difficult  condition  to  attain  on 
account  of  the  uncertain  and  variable  action  of  most  forms  of 
discharge  gaps.  The  gap  and  system  under  consideration  is,  how- 
ever, so  regular  and  constant  that  it  is  not  at  all  difficult  to  obtain 
photographs  of  patterns  representing  cyclic  changes,  many  of 
which  recur  three  million  times  a  second  with  practically  no 
variation. 

Plates  1-7  are  a  few  of  over  fifteen  dozen  photographs  taken 
representing  various  conditions,  and  give  unmistakable  evidence 
of  the  remarkable  regularity  and  continuity  of  the  oscillations  of 
the  Cu-Al  gap.  The  photographs  were  taken  on  Seed's  Gilt  Edge 
No.  27  plates,  and  exposures  of  from  3  to  30  seconds  were  made. 
The  figures  are  practically  natural  size. 

(2)    The  Primary  Wave. 

The  observations  for  determining  the  shape  and  phase,  with 
respect  to  the  secondary  oscillation,  of  the  primary  current  rush 
were  obtained  by  leading  the  primary  and  secondary  currents 
each  through  a  4-turn  deflecting  coil  about  the  Braun  tube,  the 
two  coils  making  an  angle  of  90°  with  each  other.'  The  arrange- 
ment is  diagrammatically  shown  in  Fig.  II,  where  the  letters 
have  the  beifore-mentioned  significance.  •  There  is  obtained  on 
the  fluorescent  screen  by  this  arrangement  a  perfectly^  definite 
arfid  well  defined  pattern;  which  gives  the  corresponding -ihstan- 
taneous  valties  of  the  primary  and  secondary  currents:.)  nPiate  i  c. 


New  System  of  Electrical  Oscillations. 


455 


is  one  of  many  photographs  of  such  a  pattern,  taken  with  an 
exposure  of  about  15  to  30  seconds,  and  represents  the  conditions 
when  adjustments  are  made  for  maximum  energy  in  the  secon- 
dary circuit. 

Knowing,  as  will  be  adequately  proved  later,  that  the  secon- 
dary oscillation  is  sinusoidal,  the  primary  current,  plotted  to 
time,  and  its  phase  relation  to  the  secondary  current,  can  readily 
be  derived  from  the  patterns  mentioned  above.  In  c  of  Plate  i 
the  vertical  distance  d-^  to  the  primary  loop  above,  from  any  point 
on  the  horizontal  line  distant  do  from  the  centre  or  undeflected 
spot,  gives  the  instantaneous  primary  current,  ij,  and  the  simul- 


-^^^P^ 


^-^^^ 


taneously  secondary  current,  to.  A  sine  curve  of  amplitude  repre- 
sented by  the  secondary  deflection  is  drawn,  and  the  time  coor- 
dinate for  any  corresponding  values  of  i^  and  ^"2  is  the  time, 
obtained  from  the  sine  curve,  at  which  the  current  coordinate 
is  ^2.  The  direction  of  the  spot  of  light  is  indicated  by  the 
arrows.  The  curve  marked  /i,  in  Fig.  12,  shows  the  development 
of  two  figures,  both  reduced  to  the  same  scale  for  better  com- 
parison. I2,  in  the  figure,  is  the  secondary  current.  Seven  such 
developments  were  made  representing  entirely  different  condi- 
tions, but  in  each  case  the  phase  of  /"^  with  respect  to  /o  was  the 
same  as  is  shown  in  Fig.  12,  and  the  shapes  of  the  Ix  curves  dif- 
fered so  slightly  that,  to  save  confusion,  they  are  not  reproduced. 
Examination  of  the  photograph  and  of  the  developments 
show,  as  has  been  stated,  that  there  is  no  inverse  current. 
Although  the  primary  wave  appears  to  have  twice  the  period  of 

the  secondary  oscillation,  if  the  slope  of  the  curve,  or    -^,  which 

is  proportional  to  the  resulting  induced  electromotive  force  in  the 
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secondary  circuit,  be  plotted,  a  curve  of  the  same  period  as  Ly 
is  obtained.     This  e.  m.  f.  curve  is  shown  at  E  in  Fig.  12. 

If,  now,  the  ordinates  of  the  e.  m.  f.  curve  be  multiplied  by 
the  corresponding  values  of  the  secondary  current,  a  quantity  pro- 
portional to  the  instantaneous  rate  at  which  energy  is  being 
transferred  to  the  secondary  is  obtained,  and  if  plotted,  gives 
the  curve  marked  W  in  Fig.  12.  The  portions  of  the  curve  below 
the  axis  of  time  are  negative,  and  represent  a  return  of  energy 
to  the  primary  circuit.  The  algebraic  sum  of  the  areas  under  the 
four  loops  is  proportional  to  the  total  energy  permanently  deliv- 


h Primary  discharge  wave. 

h Secondary  wave. 

E Electromotive  force  due  to  I\. 

W Power  delivered  to  secondary  circuit. 

ered  to  the  secondary  circuit  in  one  cycle.  It  is  apparent  that 
very  little  energy  is  returned  to  the  primary  circuit,  and  that 
the  second  half  of  the  primary  loop  gives  the  greater  amount  of 
energy  to  the  secondary  circuit,  the  first  part  of  the  primary 
discharge  being  more  or  less  irregular  on  account  of  the  sudden 
breaking  down  of  the  high  initial  gap  resistance  and  the  super- 
posed higher  harmonies  resulting  from  the  sudden  shock  to  the 
system. 

It  has  been  stated  that  the  primary  current  loops  occur  every 
two  or  more  secondary  oscillations.  In  this  case  the  primary 
wave,  considered  as  an  intermittent   function,   can  be  analyzed 
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into  harmonics.  Such  an  analysis  has  been  made  for  several 
values  of  I.C.F.  One  result  only  will  be  given  here;  namely,  the 
development  for  an  I.C.F.  of  2. 

62  ^  -S      .43  sin  27rl  —  I  /  +  .50  sin  z-rrnt  +  .26  sin  2n- 1 J^ 

-.o6lsin27r| ji  +  .028  sin  27rf ji  — .017  sin  27r f  ^— J/  +    .   .   . 

A  beautiful  way  of  demonstrating  the  existence  of  the  har- 
monics is  by  the  following  experiment.  Two  secondary  circuits 
are  arranged  so  that  they  can  be  excited  by  the  same  primary 
circuit.  Each  of  the  secondary  circuits  includes  a  deflecting  coil 
about  the  Braun  tube,  these  coils  being  so  placed  as  to  produce 
deflections  at  right  angles  to  each  other.  It  is  then  possible  to 
tune  the  two  secondary  circuits  to  the  various  harmonics,  and  to 
obtain,  when  the  harmonics  are  in  simple  ratios,  the  Lissajou's 
figures  shown  on  Plates  i  and  2.  Cuts  d  and  e  of  Plate  i  and 
a  and  6  of  Plate  2  were  taken  when  there  was  placed  about  the 
tube  an  extra  coil,  which  was  traversed  by  the  primary  current, 
and  produced  a  deflection  in  a  horizontal  direction  in  addition  to 
the  deflection  given  by  one  of  the  secondary  coils.  This  arrange- 
ment gives,  in  three  of  the  cuts  mentioned,  an  extra  loop  when 
the  primary  is  active. 

(3)    The  Resistance  of  the  Gap. 

The  shape  of  the  primary  wave  form,  which  has  just  been 
considered,  is  determined  principally  by  the  changes  in  resistance 
which  take  place  in  the  gap.  If  there  were  no  change  in  resist- 
ance, and  the  influence  of  the  secondary  current  were  negligible, 
the  form  of  the  primary  current  rush  would  be  given  by  the 
familiar  equation 


where 


and 


a  = 

2L,C"i 


2L1C1 
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Qq  is  the  initial  charge  in  the  primary  condenser  Cj,  and  L^  and 
i?i  are  the  inductance  and  resistance  in  the  primary  circuit.  The 
curve,  which  represents  this  equation,  is,  as  is  well  known,  a  rise 
and  fall  of  current  with  respect  to  time,  and  is  aperiodic  or  oscil- 
latory according  as  R^^  is  greater  or  less  than  4L1/C1.  The  criti- 
cal resistance  above  which  the  discharge  is  non-oscillatory  is, 
for  the  circuits  which  were  used  in  this  investigation,  of  the 
magnitude  of  100  ohms.  As  will  be  seen  later,  the  average 
resistance  of  the  gap  is  so  low  compared  to  this  quantity  that  the 
existence  of  no  inverse  current  cannot  be  attributed  solely  to  the 
aperiodic  nature  of  a  discharge  through  a  high  resistance.  More- 
over, if  the  average  resistance  were  high  enough  to  cause  the 
discharge  to  be  aperiodic,  the  end  of  the  discharge  would  be 
asymtotic  to  the  time  axis,  which  is  not  the  case. 

The  change  of  resistance  of  the  gap  can  be  obtained  experi- 
mentally by  use  of  a  Braun  tube  provided  with  electrostatic  de- 
flecting plates.  These  electrostatic  plates  are  connected  directly 
across  the  gap,  causing  a  deflection  perpendicular  to  that  caused 
by  the  total  current  through  the  gap.  In  this  way  a  trace  of  the 
voltage-current  characterstic  curve  is  obtained  from  which  can 
be  derived  the  resistance  corresponding  to  any  current. 

Cuts  a-(?  of  Plate  3  are  photographs  of  E-I  characteristic 
curves  as  above  described.  Cut  a  represents  the  conditions  for  a 
very  long  gap.  The  path  of  the  spot  of  light,  in  tracing  this 
figure,  may  be  understood  from  the  following.  As  the  condenser 
charges  there  is  no  current  through  the  gap,  and  hence  no  current 
deflection,  but  the  potential  of  the  condenser  increases  to  a  certain 
value  determined  by  the  breaking-down  potential  of  the  gap. 
This  charging  is  represented  in  the  photograph  by  a  movement 
of  the  luminous  spot  from  A,  its  undeflected  position,  to  B,  the 
potential  at  which  the  gap  breaks  down,  which  in  magnitude,  in 
this  case,  is  equal  to  about  450  volts.  The  instant  that  the  gap 
breaks  down  the  potential  drops,  and  the  current  through  the 
gap  increases  giving  the  curve  from  B  to  C,  roughly  resembling 
a  hyperbola.  As  the  current  decreases,  represented  by  the  line 
CA  in  the  photograph,  the  potential  remains  practically  zero, 
showing  that  after  the  gap  has  been  once  ionized  the  resistance 
remains  low  until  the  current  becomes  zero.  The  current  does  not 
increase  in  the  negative  direction  for  reasons  previously  given. 
During  the  passage  of  the  primary  current  the  capacity,  C^,  has 
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been  completely  discharged  and  charged  in  the  reverse  direction 
so  that,  as  soon  as  the  current  stops,  the  full  potential  of  the 
reversed  condenser  is  brought  to  bear  across  the  gap.  This  is 
represented  by  the  point  D.  Current  is  now,  however,  flowing 
nito  Ci  at  a  constant  rate,  causing  the  fluorescent  spot  to  move 
along  the  voltage  axis  from  D  to  B  to  begin  a  new  cycle. 

The  same  kind  of  diagram  is  shown  in  cuts  b  and  c  of  Plate  3 
for  shorter  gaps.  It  is  evident,  as  would  be  expected,  that  as  the 
gap  is  shortened,  the  E-I  curve  closes  in  toward  the  two  axes. 

It  is  also  seen  that  with  a  very  short  gap  the  current  increase 
is  oscillatory.  These  oscillations  are  very  rapid,  having  a  wave 
length  of  the  magnitude  of  four  or  five  meters,  and  on  account 
of  the  extremely  high  frequency,  cause  the  large  potential  oscil- 
lations shown  by  the  blurred  space  in  cut  d  of  Plate  3. 

Cut  e  of  Plate  3  is  a  photograph  taken  when,  on  account  of  the 
dryness  of  the  hydrogen,  practically  nothing  but  a  glow  discharge 
could  be  obtained.  The  gap  in  this  particular  case  was  traversed 
by  a  high  frequency  current.  The  photograph  is  introduced  only 
for  the  small  curved  point  at  the  right  hand  end  of  the  potential 
deflection,  which  is  the  characteristic  of  the  glow  discharge. 

Cut  /  of  Plate  3  was  taken  in  the  same  manner  as  the  pictures 
just  described  except  for  the  addition  of  a  secondary  deflection 
coil  parallel  to  the  primary  coil  about  the  tube.  In  this  way  there 
is  obtained  a  spreading  out  of  the  diagram,  and  a  clearer  view 
of  the  actual  path  of  the  luminescent  spot.  The  helical  path  from 
right  to  left  results  from  the  secondary  current  oscillation,  and 
superposed  primary  potential  oscillations  due  to  the  influence  of 
the  secondary  vibrations  on  the  primary  circuit,  both  occurring 
during  the  charging  of  the  primary  condenser.  The  abrupt  end 
represents  the  point  at  which  the  gap  breaks  down  and  the  spot 
moves  very  rapidly,  at  first,  over  the  primary  discharge  loop. 

The  change  in  resistance  with  changing  current,  derived  from 
these  E-I  characteristics,  gives  curves  of  the  general  shape  shown 
by  the  full  line  curves  of  Fig.  13.  The  curve  marked  L  was  derived 
from  cut  a  of  Plate  3,  and  represents  the  change  in  resistance  of 
a  very  long  gap.  The  other  two  full-line  curves  are  for  shorter 
gaps,  and,  in  the  extreme  corner,  is  suggested  the  condition  for 
decreasing  current  which  completes  the  cyclic  resistance  changes. 

The  dotted  curve  of  Fig.  13  is  a  resistance  curve  derived 
from  the  differential  equations  of  the  circuit  by  assuming  an 
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approximate  expression  for  the  primary  wave  form.     It  agrees 
well  in  shape  with  the  experimental  curves  (heavy  lines). 

The  scales  of  the  curves  serve  only  to  give  an  approximate 
idea  of  the  magnitudes  of  the  resistances  at  different  currents, 
for  the  position  of  the  curves  depends  upon  the  arc  length  and 
undoubtedly  upon  the  period  of  discharge.     It  is  worthy  of  note 

Fig.  13. 


AMPERES. 

Resistance  curves  of  Cu-Al  gap. 

G Glow  discharge. 

L Discharge  with  very  long  gap. 

5' Discharge  with  very  short  gap. 

Dotted  curve calculated. 


that  the  resistance  at  zero  current  is  very  high,  thus  admitting  of 
a  high  initial  charge  in  the  primary  condenser  before  the  gap 
breaks  down.  The  resistance  curves  are  very  steep,  being  much 
steeper  than  the  corresponding  curves  for  the  Poulsen  arc.  It  is, 
in  part,  this  steepness  which  adapts  the  gap  to  the  production 
of  very  high  frequency  oscillations.     The  very  rapid  reestablish- 
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ment  of  the  high  resistance  is  also  of  primary  importance  in  the 
action  of  the  gap  with  high  frequencies. 

The  upper  dot-and-dash  curve  is  for  the  curved  point  at  the 
end  of  the  potential  deflection  in  cut  e  of  Plate  3  just  mentioned, 
and  represents  the  conditions  for  glow  discharge. 

(4)    The  Inverse  Charge  Frequency  (I.  C.  F.). 

Reference  has  often  been  made  to  the  I.  C.  F.,  the  value  of 
which,  as  was  stated,  depends  upon  the  wave  length  of  the  second- 
ary oscillation,  the  size  of  the  primary'  condenser  Cj,  and  the 
value  of  the  supply  current  /q.  In  order  to  show  that  the  I.  C.  F. 
has,  under  most  conditions,  a  perfectly  definite  value,  and  at  the 
same  time,  to  illustrate  some  other  points  concerning  the  system, 
the  photographs  of  Plate  4  were  taken. 

The  arrangement  of  circuits,  for  the  figures  under  discussion, 
was  as  follows :  Two  parallel  deflecting  coils  were  placed  about 
the  Braun  tube,  and  so  situated  as  to  deviate  the  cathode  beam  in 
a  direction  perpendicular  to  the  electrostatic  deflection.  One  of 
these  coils  was  connected  in  the  primary  circuit  and  the  other  in 
the  secondary  circuit.  The  electrostatic  deflecting  plates  were 
connected  to  the  terminals  of  the  primary  condenser  C^. 

The  oscillograms  of  Plate  4  represent,  therefore,  the  sum  of 
the  primary  and  secondary  currents  by  deflections  in  the  vertical 
direction,  and  the  potential  of  C^,  by  deflections  in  the  horizontal 
direction.  In  all  of  the  cuts  the  lower  portion  results  from  the 
secondary  oscillation  during  the  charging  of  Cj.  when  the  gap 
current  is  zero. 

The  explanation  of  cut  b  wnll  ser\-e  for  all  of  the  pictures  of 
Plate  4.  At  point  A  the  condenser  Cj  is  charged  to  a  potential 
sufficient  to  jump  across  the  gap.  \\'hen  the  primary  discharge 
begins,  the  spot  of  light  moves  very  rapidly  at  first  over  the 
loop  ABC.  This  discharge  starts  or  maintains  the  secondary 
oscillation,  so  that  the  vertical  deflection  is  due  to  the  primary 
current  plus  the  simultaneous  secondary  current.  During  the 
discharge  the  potential  of  the  primary  condenser  falls  and  in- 
creases in  the  opposite  direction,  so  that,  at  the  end  of  the  dis- 
charge, represented  at  C,  the  condenser  potential  is  reversed. 
At  point  C  the  primary  discharge  is  completed.  The  rest  of  the 
diagram  from  C  to  A  is  due  to  the  secondary  oscillation,  which 
causes  the  vertical  deflection,  and  the  uniformly  changing  poten- 
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tial  of  the  primary  condenser  while  charging,  which  causes  the 
horizontal  deflection  from  C  to  A. 

The  number  of  secondary  oscillations  taking  place  during  one 
primary  cycle,  and  which  has  been  called  the  I.  C.  F.,  is  clearly 
shown  by  the  photographs.  In  the  case  of  cut  b,  the  secondary 
completes  one  period  during  the  primary  discharge,  and  three 
complete  secondary  periods  during  charging  from  C  to  A,  so  that 
the  I.  C.  F.  is  4. 

The  instant  at  which  the  primary  discharge  begins  and  ends 
with  reference  to  the  secondary  wave,  is  shown  to  be  the  same  as 
was  derived  in  the  section  on  the  primary  wave.  The  high  har- 
monic oscillations  in  the  primary  which  occur,  as  has  been 
mentioned,  after  the  high  resistance  of  the  gap  is  broken  down, 
are  apparent  in  the  beaded  appearance  of  the  upper  loops  of  the 
oscillograms. 

In  cuts  a-e  of  Plate  4  the  spot  travelled  over  the  patterns  in 
an  anti-clockwise  direction.  The  I.  C.  F.'s  are  respectively  3,  4, 
and  6.  In  cuts  a  and  b  the  undeflected  position  of  the  spot  is 
shown,  and  the  relative  magnitudes  of  the  direct  and  inverse 
potentials  of  the  primary  condenser  can  be  noted. 

The  beats,  shown  in  cuts  c-f  of  Plate  4,  are  due  to  the  inter- 
ference of  two  oscillations  in  a  doubly-periodic  secondary  system 
employed  in  this  case.  The  second-secondary  oscillation  is  due 
to  the  vibration  of  an  helix,  a  few  turns  of  which  were  included 
in  the  secondary  circuit.  The  luminous  spot  in  cut  d  travelled 
in  a  clockwise  direction. 

(5)   Resistance  Damping. 

In  order  to  obtain  an  oscillogram  of  a  variable  which  is  a 
function  of  time,  it  is  necessary  to  use  some  device  which  will 
give  a  uniform  time  axis  to  the  figure.  For  instance,  if  it  is 
desired  to  obtain  an  oscillograph  of  the  commercial  alternating 
current,  one  passes  the  current  through  the  deflecting  coil  about 
the  Braun  tube.  There  appears  on  the  screen  a  straight  line, 
which  results  from  the  to-and-fro  movements  of  the  luminous 
spot  over  the  same  straight  path.  In  order  to  see  the  current 
wave  developed  with  respect  to  time,  it  is  necessary  to  observe 
the  line  deflection  in  a  revolving  mirror,  its  axis  being  parallel 
to  the  line  deflection.  If  a  photograph  is  to  be  taken,  it  is  further 
necessary  to  drive  the  mirror  bv  some  synchronous  device  so  that 
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the  image  of  the  developed  figure  may  be  stationary  on  the 
photographic  plate  for  a  time  sufficient  to  make  the  exposure. 
This  synchronizing  device  is  not  difficult  to  arrange  when  using 
commercial  alternating  currents,  but  when  it  is  desired  to  take 
an  oscillogram  of  a  high  frequency  current  or  condenser  dis- 
charge, it  is  usually  impossible  to  make  the  necessary  synchroniza- 
tion. When  using  high  frequency  currents,  the  velocity  of  the 
spot  of  light  on  the  fluorescent  screen  is  so  great  that,  in  order 
to  obtain  a  photograph,  it  is  necessary  that  the  cycle  of  changes, 
as  shown  by  the  pattern  on  the  screen,  be  repeated  many  hundred 
thousand  times  with  such  regularity  and  certainty  that  the  image 
is  alwa3^s  in  exactly  the  same  position.  The  requirements  of  both 
the  acting  system  and  the  synchronizing  device  are  very  rigid. 

The  development  of  the  time  axis  can  be  most  efifectually 
accomplished,  with  the  system  under  discussion,  by  the  very  sim- 
ple connection  which  was  used  in  the  last  section.  The  electro- 
static plates,  which  cause  a  deflection  perpendicular  to  the  current 
coils,  are  connected  to  the  terminals  of  the  primary  condenser  Cj. 
During  the  inteiwal  between  primary  discharges,  when  the  pri- 
mary condenser  is  charging,  the  primary  current  is  zero,  and  the 
main  or  charging  current  is  almost  perfectly  constant  on  account 
of  the  large  inductances  in  the  mains.  This  uniform  charging 
causes  a  uniform  increase  in  potential  of  the  condenser  Cj,  and 
hence  a  uniformly  developed  time  axis  on  the  fluorescent  screen. 
The  oscillations  of  the  secondary,  or  any  effect  started  by  the 
primary  discharge,  is  thereb}'  developed,  as  is  shown  by  the  lower 
portions  of  the  cuts  of  Plate  4. 

This  arrangement  for  the  development  of  current  or  potential 
deflection  with  respect  to  time  is  of  the  greatest  use  in  many 
ways.  Its  application  will  be  illustrated  here  by  showing  the 
damping  curves  with  oscillations  of  a  frequency  of  two  million 
or  more  per  second. 

Cuts  a  and  b  of  Plate  5  represent  the  damping  of  the  second- 
ary oscillations  due  to  the  addition  of  resistance  in  the  secondary 
circuit.  The  primary  capacity  and  supply  current  were  so  ad- 
justed as  to  give  large  values  of  the  I.  C.  F.  in  order  that  as  many 
secondary  oscillations  as  possible  might  appear  in  the  damped 
oscillation  trains  shown.  The  adjustments  for  the  pictures  of 
Plate  5  were  so  made  that  each  oscillation  train  is  just  completed 
before  the  beginning  of  the  next.     The  trains,  therefore,  succeed 
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each  other  with  no  intervals  of  rest.  By  adjustments  of  the  supply 
current  or  primary  capacity  it  is  possible  to  lengthen  or  shorten 
the  interval  between  the  primary  discharges,  and  by  varying  the 
resistance  in  the  secondary  circuit  the  number  of  oscillations  in 
one  train  or  the  damping  can  be  varied  at  will.  The  damping 
is  evidently  exponential  in  fulfilment  of  the  familiar  theory. 

Cuts  c-f  of  Plate  5  and  cut  a  of  Plate  6  are  the  results  of  add- 
ing to  the  arrangement  of  circuits  just  considered  a  second  sec- 
ondary circuit,  excited  by  the  primary  discharge.  There 
results,  therefore,  a  doubly-periodic  secondary  system  having 
two  secondary  circuits  inductively  coupled  together.  The 
doubly-periodic  secondary  oscillation  gives  the  beats  and  curious 
figures  shown.  Cuts  c  and  d  are  due  to  the  addition  of  two  oscil- 
lations differing  widely  in  frequency.  As  will  be  seen  from  the 
description  of  the  figures,  tlie  second  oscillation  is  in  one  case 
over  twice  and  in  the  other  case  almost  three  times  the  frequency 
of  the  main  secondary  oscillation. 

Cut  a  of  Plate  6  shows  beats  taken  with  almost  undamped 
oscillations.  The  wave  lengths  are  not  recorded,  but  they  were 
probably  of  the  magnitude  of  100  meters. 

(6)   Damping  in  a  Circuit  Containing  a  Spark  Gap. 

When  the  dissipation  of  energy  in  an  oscillatory  circuit  is 
proportional  to  the  square  of  the  current,  as  is  the  case  in  a 
constant  resistance,  the  damping  is  exponential.  If,  however, 
the  resistance  is  a  function  of  the  current  the  energy  dissipation 
is  no  longer  proportional  to  the  square  of  the  current,  and  the 
damping  no  longer  exponential.  For  instance,  the  resistance  of 
a  spark  gap  or  arc  is  a  function  of  the  current,  the  resistance 
being  greater  the  smaller  the  current  through  the  gap. 

Richarz  and  Ziegler  ^  in  1900  observed,  in  a  revolving  mirror, 
the  straight  line  deflection  which  is  produced  in  a  Braun  tube 
when  a  condenser  is  rapidly  discharged  across  a  spark  gap  and 
through  the  deflecting  coil.  The  frequency  of  the  oscillations  was 
very  low.  On  account  of  the  impossibility  of  taking  a  photo- 
graph, we  have  only  their  description  of  the  phenomenon  as  seen 
in  the  revolving  mirror.  In  appearance  the  figure  resembled 
the  backbone  of  a  fish,  or,  in  other  words,  a  long  straight  line, 

■•  F.    Richarz   u.    W.    Ziegler,   Ann.   d.   Phys.,    i,   468    (1900). 
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due  to  the  undeflected  spot,  and  at  intervals  along  the  line,  pairs 
of  equally  inclined  short  straight  lines,  as  one  would  indicate 
an  arrow  point.  The  short  lines  were  due  to  the  more  intense 
maximum  deflections  during  a  train  of  oscillations,  the  separate 
oscillations  being  entirely  undiscernible.  The  results  showed 
that  the  damping  due  to  a  spark  gap  is  not  exponential  but 
approximately  linear, 

Zenneck,^  in  1904,  obtained  further  experimental  proof  of  the 
approximately  linear  damping  due  to  a  spark  gap.  He  photo- 
graphed the  line  deflection,  and  by  a  process  of  projection  from 
the  several  brighter  spots,  due  to  the  decreasing  amplitudes  of  the 
oscillations,  derived  the  damping  curves.  Frequencies  up  to  1800 
per  second  were  used  by  him. 

Heydweiller,^  in  1906,  showed  that  the  results  obtained  by  the 
above-mentioned  experimenters  can  be  deduced  theoretically, 
fieydweiller  assumes,  in  deducing  the  linear  damping,  that  the 
gap  has  a  characteristic  expressible  in  the  form 

b 
e  ^  a  -{ — r- 

where  e  and  i  are  the  voltage  across  and  current  through  the  gap, 
respectively,  and  a  and  b  are  constants.  He  further  assumes  that 
b  is  negligible,  which  reduces  the  conditions  to  the  assumption 
of  a  constant  voltage  across  the  gap.  Solving  the  differential 
equation  for  the  discharge  of  a  condenser  across  a  constant-poten- 
tial gap,  he  obtained  rectilinear  damping. 

If  a  discharge  gap  be  substituted  for  the  secondary  resistance 
in  the  arrangement  of  circuits  which  was  used  in  the  last  section 
for  obtaining  plain  resistance  damping,  very  clear  oscillograms 
can  be  obtained  of  the  oscillation  trains  when  the  damping  is 
caused  by  a  gap.  Although  the  inherent  irregularity  of  some 
metallic  gaps,  when  used  in  the  secondary  circuit,  causes  some 
irregularity  of  the  oscillographs,  yet  good  photographic  records 
can  be  obtained,  as  is  shown  by  the  cuts  of  Plates  6  and  7.  In 
order  to  obtain  a  potential  sufllcient  to  maintain  the  discharge 
across  the  secondary  gap,  it  was  necessary  to  use  a  large  primary 

condenser  and  supply  current,  and  to  make  the  ratio,      ^,  of 

the  secondary  to  primary  turns  on  the  helix  large. 

"J.  Zenneck,  Ann.  d.  Phys.,  13,  822   (1904). 

°  R.  Heydweiller,  Ann.  d.  Pliysik.,  19,  646    (1906). 
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Cuts  h  and  c  of  Plate  6  show  two  of  the  pictures  first  taken, 
and  illustrate  well  the  linear  damping.  The  gap  length  was  very 
short;  the  terminals  were  of  aluminum. 

Further  investigation  showed  that  the  oscillation  train  took 
on  entirely  different  aspects  according  as  the  discharge  could  be 
classed  as  a  pure  arc,  or  a  spark  discharge.  When  the  discharge 
is  a  pure  arc,  the  separate  oscillations  are  regular  and  practically 
sinusoidal,  and  the  damping  is  still  linear.  If  the  discharge  is 
classed  as  a  spark  discharge,  although  the  damping  is  linear,  the 
separate  oscillation  loops  are  distorted  as  will  appear  presently. 

Cut  d  of  Plate  6  represents  the  condition  when  the  discharge 
terminals  of  the  secondary  gap  are  carbon.  The  discharge  was 
quiet  and  very  brilliant,  resembling,  as  indeed  it  was,  the  pure 
carbon  arc  operating,  however,  at  a  frequency  of  5.7  X  10^  oscil- 
lations per  second. 

Cut  e  oi  Plate  6  gives  the  appearance  of  the  oscillogram  when 
the  terminals  are  of  aluminum  in  air.  The  discharge  in  this  case, 
as  well  as  for  cuts  h  and  c,  was  probably  a  pure  arc  due  to  the 
carbon  and  other  impurities  in  the  aluminum.  In  appearance, 
the  discharge  was  brilliant  and  similar  to  the  carbon  arc. 

Magnesium  terminals  usually  give  the  pure-arc  discharge- 
form  of  damping  curve,  due  probably  to  the  large  amount  of 
magnesium  vapor  present  in  the  discharge,  or  possibly  to  the 
burning  of  the  magnesium  into  the  oxide. 

Cut  /of  Plate  6  and  the  pictures  of  Plate  7  represent  the 
appearance  of  the  spark-discharge  oscillograms.  When  the  tem- 
perature of  the  discharge  is  kept  low,  the  conductivity  of  the  gap 
is  not  maintained  over  the  interval  of  zero  current  by  the  presence 
of  incandescent  metallic  or  carbon  vapor,  and  the  high  resistance 
of  the  gap  is  partially  established  at  each  crossing  of  the  axis 
by  the  current  curve.  This  necessitates  a  reionization  of  the  gas 
at  the  beginning  of  each  current  loop,  or  the  breaking  down  of  a 
possible  oxide  film,  thereby  distorting  the  wave  in  the  neighbor- 
hood of  the  axis,  as  is  shown  by  the  figures. 

The  general  form  of  the  curve  for  spark  damping,  which  is 
indicated  in  the  photographs,  was  at  times  momentarily  clearly 
outlined  on  the  fluorescent  screen  and  is  shown  by  the  drawing 
of  Fig.  14.  Apparently,  in  some  of  the  photographs,  the  loops 
begin,  in  point  of  time,  before  the  ending  of  the  previous  loop. 
This  apparent  paradox  is  due  to  the  slight  shift  in  the  time  axis 
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resulting  from  the  reaction  of  the  strong  secondary  discharges 
upon  the  potential  of  the  primary  condenser. 

The  oscillogram  photographs  of  spark  damping  here  shown 
were  taken  for  aluminum  terminals  because  of  the  greater  regu- 
larity of  the  discharge  between  terminals  of  that  metal.  Many 
other  metals  were  tried,  such  as  copper,  cadmium,  zinc,  etc., 
and  in  practically  every  case  in  which  the  discharge  was  a  spark 
discharge,  the  oscillations  took  the  same  form  as  is  shown  in 
Fig.   14. 

Fig.  14. 


Form  of  spark-gap  damping  cur\'e. 


When  one  of  the  terminals  is  carbon  or  magnesium,  the  cur- 
rent loops  on  one  side  of  the  time  axis  are  of  the  pure-arc  form, 
while  those  on  the  other  side  are  of  the  spark-discharge  form. 

If  the  terminals  are  dissimilar,  there  is  usually  evidence  of  a 
rectifying  effect.  Particularly  is  this  so  if  one  terminal  is  of 
aluminum  and  the  other  of  copper  or  iron.  Cut  d  of  Plate  7 
shows  this  rectification. 

The  effect  of  hydrogen  on  the  discharge  is  indicated  by  cuts  e 
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and  /  of  Plate  7,  which  were  taken  under  the  same  conditions 
except  for  the  H  surrounding  the  gap  terminals  in  the  case  of 
cut  /.  The  hydrogen  serves,  in  this  case,  principally  to  ensure 
a  spark  rather  than  an  arc  discharge,  and  probably  increases  the 
damping. 

The  outward  appearance  of  the  discharge  is  in  no  way  an  indi- 
cation as  to  whether  the  oscillogram  takes  the  arc  or  spark  fomi. 
The  form  of  the  oscillogram  serves  conveniently  to  differentiate 
between  the  pure-arc  and  the  spark  discharges,  when  the  tenns 
arc  and  spark  are  applied  to  discharges  operating  on  alternating 
currents.  The  discharge  of  the  Cu-Al  oscillation  gap,  which 
has  been  studied  in  this,  investigation,  cannot,  according  to  this 
definition,  be  called  an  arc,  but  is  a  spark  discharge. 

The  photographs  here  shown  of  gap  damping  furnish  in  no 
way  a  complete  discussion  of  the  subject,  but  are  presented  to  give 
additional  proof  of  the  existence  of  linear  damping  in  a  circuit 
containing  a  spark  gap,  and  to  show  that  there  are  two  distinct 
forms  of  the  oscillation  trains  according  to  the  nature  of  the  gap. 

(7)   Notes   Concerning   the  Mechanism   of   Conduction  in   the 

Cu-Al  Gap. 

Very  little  can  at  present  be  given  concerning  the  exact  nature 
of  the  conduction  which  takes  place  in  the  gap  under  discussion 
and  the  office  of  the  necessary  hydrogen.  No  oscillations  can  be 
obtained  unless  the  gap  is  immersed  in  some  gas  rich  in  hydrogen, 
but  the  latter  alone  gives  by  far  the  best  results.  In  any  case  the 
gas  must  be  moist.  As  was  shown  early  in  the  paper,  the  absence 
of  metallic  vapor  indicates  that  the  conduction  is  probably  affected 
entirely  by  the  ionization  of  the  surrounding  gas.  Since,  as  was 
also  observed,  the  metal  used  for  the  anode  makes  little  difference 
in  the  operation  of  the  gap,  and  since  aluminum  is  the  only  metal 
which  works  at  all  well  as  cathode,  it  is  safe  to  say  that  it  is  the 
aluminum  cathode,  working  in  conjunction  with  the  hydrogen, 
which  gives  the  characteristic  properties  of  the  oscillation  gap 
which  has  been  partially  studied  in  the  foregoing  pages.  It  might 
be  mentioned  here  that  magnesium  acts  to,  some  extent  as  cathode, 
but,  on  account  of  its  low  vaporizing  point,  works  very  irregu- 
larly and  unsatisfactorily.  The  discharge,  in  this  case,  is  intensely 
green,  showing  vaporization. 

The  fact  that  moisture  in  the  hydrogen  is  necessary  indicates 
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that  an  oxidation  of  the  aluminum  plays  some  part  in  the  opera- 
tion. The  necessity  of  an  hydrogen  atmosphere  leads  one  to 
believe  that  perhaps  a  reduction  of  the  ever-present  aluminum 
oxide  film  at  some  time  during  the  cycle  may  take  place,  there 
possibly  being  a  cyclic  change  of  oxidation  and  reduction  of  the 
aluminum  determined  by  the  temperature  at  various  instants  dur- 
ing one  primary  discharge.  For  instance,  it  may  be  that  some 
action  such  as  follows  takes  place.  At  the  beginning  of  the  dis- 
charge, the  thin  oxide  film  makes  necessary  a  high  breaking-down 
potential  in  order  to  start  a  discharge.  As  soon,  however,  as 
the  discharge  is  started,  H  ions  are  conveyed  to  the  aluminum 
cathode,  and,  since  the  atmosphere  about  the  terminal  is  H, 
reduce  the  oxide  film.  The  free  surface  of  the  aluminum  is 
thereby  exposed,  and  the  resistance  drops  to  a  low  value.  This 
reduction  would  be  the  greater  the  larger  the  current,  and  there 
would  result  the  very  rapid  drop  in  resistance  which  is  shown  in 
the  curves  of  Fig.  16.  As  soon  as  the  discharge  stops,  the  alu- 
minum is  partially  reoxidized  by  the  O  ions  which  were  freed  by 
the  first  process,  and  the  initial  high  resistance  of  the  gap  is 
re-established. 

It  is  probable  that  the  regularity  of  the  gap  is  partly  due  to 
the  fact  that  the  discharge  takes  place  for  some  time  at  one 
definite  point  on  the  aluminum,  this  confinement  of  the  discharge 
to  one  place  resulting  possibly  from  the  protecting  oxide  film  over 
the  rest  of  the  surface, 

WIRELESS   TELEPHONY. 

The  experiments  in  connection  with  the  application  of  this 
new  oscillation  system  to  wireless  telephony  have  been  carried 
on  in  conjunction  with  Professor  G.  W.  Pierce,  who  has  offered 
many  valuable  suggestions  and  done  a  great  deal  for  the  develop- 
ment of  this  application  of  the  system.         , 

A  detailed  description  of  the  experiments  which  have  been  in 
progress  for  over  a  year  cannot  here  be  given ;  they  will  be 
the  subject  of  a  later  article.  .  A  brief  description  of  the  method 
of  operation,  with  some  general  statements  concerning  results, 
may,  however,  be  of  interest. 

First,  what  are  the  essentials  of  a  practical  system  of  wireless 
telephony?  In  an  ideal  system  of  any  form  of  telephony,  the  only 
audible  effects  at  the  receiving  station  should  be  the  vibrations  of 
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the  telephone  diaphragm  synchronous  with  and  proportional  lo 
the  sound  vibrations  which  are  impressed  at  the  transmitting  sta- 
tion. This  is  quite  successfully  accomplished  in  the  ordinary  line 
telephony  in  the  familiar  manner.  An  electric  current  is  the 
transmitting  agent,  and  a  sound  is  heard  in  the  receiver  only  when 
this  current  is  modified  or  varied.  In  wireless  telephony  trans- 
mission is  obtained  by  means  of  electromagnetic-waves,  and  there 
should  be  no  appreciable  sound  at  the  receiving  station  except 
when  these  waves  are  modified  in  some  manner,  as  by  the  human 
voice.  It  is  clear  that  this  necessitates  the  emission,  by  the 
transmitter,  of  a  perfectly  steady,  continuous  stream  of  electro- 
magnetic waves,  of  a  frequency  above  the  limit  of  audibility 
(about  35,000  per  second).  If  the  waves  are  not  continuous,  the 
train  frequency  must  be  above  this  limit.  These  waves  must 
be  capable  of  being  modified  by  a  telephone  transmitter  in  such 
a  manner  that  the  envelope  of  the  wave  train,  as  it  changes  in 
amplitude,  is  the  wave  form  of  the  sound  vibrations  which  are 
impressed  upon  the  transmitter  diaphragm.  The  frequency  of  the 
waves  should  be  high  enough  for  efficient  electric-wave  transmis- 
sion, or  from  300,000  to  1,000,000  oscillations  per  second.  Con- 
sequently, during  one  sound  vibration  there  would  be  several 
hundred  electrical  vibrations. 

In  addition  to  the  requirements  stated  above,  the  system,  in 
order  to  be  of  practical  value,  should  emit  efficiently  an  electric 
wave  of  unvarying  length.  And,  still  more  important,  from  a 
practical  point  of  view,  the  system  should  be  simple,  reliable, 
and  capable  of  being  easily  operated  without  the  necessity  of 
continual  adjustment. 

High-frequency  alternators  and  the  Poulsen  arc,  with  its 
modifications,  have  been  used  for  wireless  telephony  during  the 
last  few  years  with  some  success.  The  greatest  faults  of  the 
alternator  system  are  its  great  expense  and  its  inefficiency.  The 
Poulsen-arc  "^  system  is  complicated,  and  requires  continual 
adjustment,  which  makes  it  difficult  to  operate.  Further,  it  emits 
waves  which  vary  in  length  as  the  arc  length  and  supply  current 
change,  an  inherent  characteristic  of  the  system. 

The  connections  for  the  transmitting  station,  which  is  now 
to  be  described,  are  shown  in  Fig.  15.     The  connections  of  the 

'V.  Poulsen,  British  Patent  Specifications,  15,599  of  1903. 


New  System  of  Electrical  Oscillations. 


471 


supply  and  primary  circuits,  as  may  be  seen  in  the  figure,  are 
identical  with  the  corresponding  connections  described  earlier 
in  the  paper.  G  represents  the  gap,  and  C  is  a  small  variable  air 
or  oil  condenser.     T  is  a  closely-coupled,  and  preferably  variable, 

Fig.  15. 


•     •     II    4     I 


oscillation  transformer.  The  telephone  transmitter  is  shown 
connected  in  the  ground  lead.  The  hot-wire  ammeter  in  the 
antenna,  and  the  throw-over  switch  to  change  from  sending  to 
receiving,  are  not  shown. 
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A  variable  condenser  of  the  semi-circular  plate  type,  desig-ned 
as  an  air  condenser,  was  filled  with  castor  oil  (with  dielectric  con- 
stant 4.5)  and  used  with  one  set  of  apparatus  as  the  primary 
condenser.  Its  maximum  capacity  was  about  .009  /*  f.  The  oil 
was  used  not  to  increase  the  dielectric  strength,  for  that  is  un- 
necessary on  account  of  the  low  potentials,  but  to  increase  the 
capacity.  A  small  variable  mica  condenser  was  also  used  in 
another  case.     Such  a  condenser  can  be  made  very  small. 

Various  methods  of  connecting  the  telephone  transmitter  have 
been  tried,  but  the  connection  shown  has  so  far  proved  most 
satisfactory.  The  ordinary  Bell  high-resistance  microphone  trans- 
mitter has  been  used  with  good  success,  although  the  large  over- 
load in  current  causes  some  deterioration.  We  have,  however, 
used  them  on  an  antenna  current  of  an  ampere  or  more  for 
several  months  without  a  serious  loss  in  efficiency. 

The  potential  of  no  part  of  the  apparatus,  except  possibly  the 
top  of  the  antenna,  rises  over  1,000  volts.  No  great  caution, 
therefore,  need  be  taken  to  insulate  the  various  parts  of  the  sys- 
tem, and  small  switches,  having  very  small  gaps  when  open,  can 
be  used.  For  instance,  the  antenna  current  can  be  broken  by 
separating  contacts  by  only  the  thickness  of  a  thin  piece  of  paper. 

The  switch,  to  throw  from  transmitting  to  receiving  and  vice 
versa,  may  be  a  small  key  having  several  leaves  which  make  cer- 
tain contacts  when  in  both  positions.  By  the  one  operation  of 
pressing  the  key,  the  antenna  is  transferred  from  the  receiving 
apparatus  to  the  transmitting  apparatus ;  the  detector  is  short- 
circuited  ;  and  a  short  circuit  about  the  gap  is  broken.  The  gap 
immediately  functions  without  the  necessity  of  any  adjustment, 
and  continues  to  operate  until  the  gap  is  again  short-circuited  by 
releasing  the  key. 

For  telephony  the  gap  operates  best  on  from  .2  to  .5  ampere 
direct  current. 

Most  of  the  tests  have  been  carried  out  between  a  station  at 
the  home  of  Dr.  Pierce  and  the  Jefferson  Laboratory,  a  distance 
of  about  a  mile.  These  two  stations  have  been  permanently  in- 
stalled for  over  a  year,  and  are  used  not  only  for  experimental 
purposes,  but  as  a  means  of  easy  and  practical  communication 
with  the  laboratory. 

When  the  transmitting  station  is  properly  tuned,  there  is 
practically  no  sound  at  the  receiving  station  other  than  the  voice. 
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The  slight  hum  or  hiss  which  is  present  to^  a  more  or  less  degree, 
according  to  the  adjustments,  is  usually  not  at  all  objectionable 
and  may  be  tuned  out.  The  articulation  is  very  good,  and  com- 
munication is  easily  maintained  between  the  two  stations  for 
hours  at  a  time  with  the  loss  of  hardly  a  word,  and,  what  is 
practically  of  great  importance,  without  the  slightest  adjustment. 

No  definite  statement  can  now  be  given  as  to  the  distance  to 
which  it  is  possible  to  talk.  Our  conversation  has  been  reported 
as  being  understood  at  a  distance  of  about  forty  miles,  and  it  is 
very  probable  that  the  speech  could  be  heard  at  a  somewhat 
greater  distance,  even  while  employing  only  one  gap. 

Two  gaps  operated  in  series  give  much  more  power,  but  no 
experiments  have  been  made  to  determine  the  maximum  distance 
over  which  communication  can  be  maintained. 

By  interposing  into  the  antenna  circuit  a  small  battery  buzzer, 
the  continuous  radiation  of  waves  can  be  periodically  interrupted 
and  a  very  satisfactory  telegraph  system  is  obtained,  which  is 
difficult  to  distinguish  from  a  high-frequency  alternator  or  a 
rotating  gap  system. 

No  attempt  has  been  made  to  give  a  complete  discussion  of  the 
application  of  this  oscillation  system  to  wireless  telephony,  but 
enough  has  been  given  to  enable  one  to  see  that  the  system  does 
possess,  to  a  greater  extent  than  do  the  other  systems,  many  of 
the  essentials  of  a  practical  system  of  wireless  telephony. 


PLATE  1. 

Mounting  of  Braun  Tube. 

a. 


Spectrum  of  Gap 

with 

Aluminum  Comparison. 

Spectrum. 


/o  =  .73  ampere. 
X2=  1 10  meters. 
/.  C  F.  =  5. 


d. 

Xj=ii8  meters. 
X3  =  236  meters. 
Ratio=i:2. 
/.  C.  F.  =  4. 


Xj  =  76  meters. 
X3=ii4  meters. 
Ratio  =  2:3. 
7.  C.  F.  =  ^. 
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PLATE   1. 


PLATE  2. 
LissAjou's  Figures. 


X2  =  80  meters. 
Xa  =  1 20  metei  s. 
Ratio  2:3. 
/.  C.  F.  =  6. 
/o  =  .65  ampere. 


X2=  158  mecers. 
X3  =  474  meters. 
Ratio  1:3. 
/.  C.  F.=3. 
7(1  =  I  ampere. 


X2=  173  meters. 
X3  =  23i  meters. 
Ratio  3:4. 


d. 

X2  =  1 80  meters. 
X3  =  300  meters. 
Ratio  3:  5. 


X2  =  200  meters. 
X3  =  250  meters. 
Ratio  4:5. 


/• 
X2  =  1 80  meters. 
X3  =  3I5  meters. 
Ratio  4:7. 


CHAFFEE.  — IMPACT  EXCITATION  OF  ELECTRIC  OSCILLATIONS. 


PLATE  2. 


PLATE  3. 
E—I  Characteristics. 


a. —  Very  Long  Gap. 

/o  =  .55  ampere. 

1  cm.  =  5.0  amperes  (vertical). 

2  cm.  =  280  volts  (horizontal). 


b. — Long  Gap. 


/o  =  1 .0  ampere. 

I  cm.  =  4.75  amperes  (vertical). 

I  cm.  =  280  volts  (horizontal). 


c. — Short  Gap. 

/o  =  .54  ampere. 

I  cm.  =  1.45  amperes  (vertical). 

I  cm.  =  260  volts  (horizontal). 


d. —  Very  Short  Gap. 

/(,=  1.5  amperes. 

I  cm.  =  4.75  amperes  (vertical). 

I  cm.  =  28o  volts  ('orizontal). 


Cu-Al  gap  operating  on 
oscillatory  current.     Characteristic 
of  Glow   Discharge  shown  at  the 
end  of  the  potential  deflection. 


f 

X2  =  268  meters 
/„  =  .5  ampere 
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PLATE  3. 


PLATE  4. 


X2=  185  meters. 
/q  =  .85  ampere. 
Ci=  178X10-=  ix.f. 
I.C.F.  =  3. 


X2=  180  meter?. 
7o  =  .32  ampere. 
I.  C.  F.  =  6. 


X2  =  88  meters. 
7o  =  .4  ampere. 
Ci=  1 70X10-5  n.f. 
I.  C.  F.=  11. 


/o=.68  ampere. 

Ci=  I  loX  10-5  fX.f. 

I.  C.  F.  =  4. 

d. 

X2  =  78  meters. 
/o  =  .63  ampere. 
/.  C.  F  =9. 

X2=  65  meters. 
/o  =  '5  ampere. 
/.  C.  F.  =  7. 
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PLATE  4, 


PLATE  5. 

Resistance  Damping  and  Beats. 

a.  b. 

i?2  =  5.9  ohms.  X2  =  400  meters. 

X2  =  112  meters, 
/o  =  .35  ampere. 
Ci  =  150X10-^  n.f. 
I.  C.  F.=  i2. 


X'  =  1 54  meters.  7j  =  .4  ampere. 

X  =325  meters.  X' =  140  meters. 

X  =390  meters. 

i?2  =  6  ohms. 

e.  /. 

X  =  370  meters.  X  =  2 1 5  meters. 

X'  =  290  meters.  X'  =  2  5  5  meters. 
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PLATE  5. 


PLATE  6. 
Gap  Damping  Oscillographs. 

o.  b.—Al-AlinH. 

Beats.  X  =520  meters. 

/o=  1.2  amperes. 

c. — Al-Al  in  Air.  d. — Carbon-Carbon  in  Air. 

X  =525  meters.  X  =525  meters. - 

/(,=  1.2  amperes.  /„=  1.4  amperes. 

e. — Al-Al  in  Air.  f. — Al-Al  in  H. 

X  =575  meters.  X  =575  meters. 

/„  =  1 .5  amperes.  Ia=i.g  amperes. 

Water  cooled.  Water  cooled. 
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PLATE  6. 


a. — Al-Al  in  Air. 

X  =  525  meters. 
Water  cooled. 


PLATE  7. 
Gap  Damping. 


b. — Al-Al  in  Air. 

X  =  525  meters. 
Water  cooled. 


c. — Al-Al  in  H. 

X  =  525  meters. 
Water  cooled. 


d.  —  Cu-Al  in  H. 
Shows  rectification. 


e. —  Al-Al  Arc  in  Air. 

X  =525  meters. 
73=  1.3  amperes. 


/. 

Same  as  Figure  5,  except 

hyd-ogen  instead  of  air 

surrounded  gap. 
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The  Electrical  Theory  of  Dyeing.  W.  Harrison.  (/.  Soc. 
Dyers  and  Col.,  xxvii,  279.) — Various  dyeing  phenomena  have  been 
investigated.  It  was  found  that,  generally  speaking,  the  efifect  of 
different  salts  and  acids  on  the  contact  potential  difference  between 
cotton  and  water  corresponds  closely  with  the  effect  of  these  salts 
and  acids  on  the  amount  of  absorption  by  the  cotton  fibre  of  dye- 
stuffs  or  mordants  which  are  negatively  charged  in  water.  More- 
over, if  cotton  is  treated  with  various  reagents,  such  as  caustic 
soda  and  nitric  acid,  under  different  conditions  and  is  subsequently 
dyed,  the  increase  in  the  absorption  of  dyestuff  runs  parallel  with 
the  decrease  in  contact  differences.  The  absorption  and  fixation 
of  direct  dyestuffs  is  explained  as  follows :  The  color  ions  of  direct 
dyestuft's  are  negatively  charged ;  the  metallic  ions  positively.  The 
cotton  is  negatively  and  the  water  in  immediate  contact  with  it  is 
positively  charged.  The  fibre,  therefore,  repels  the  color  ions  but 
attracts  the  metallic  ions,  and,  by  absorbing  them,  reduces  its  own 
negative  charge.  Simultaneously  the  negative  charge  of  the  color 
ions  is  reduced  by  the  positive  ions  in  the  water  next  to  the  fibre. 
The  repulsion  of  the  fibre  for  the  dyestuff'  being  thus  neutralized, 
the  color  ions  are  able  to  approach  and  to  be  absorbed  by  the  fibre 
and  again  increase  its  negative  charge.  The  process  is  repeated 
until  the  dilution  becomes  too  great.  The  actual  fixation  as  dis- 
tinguished from  the  absorption  of  the  dyestuff'  is  attributed  to  the 
precipitating  action  of  the  positive  hydrogen  ions  set  free  by  the 
fibre  on  the  color  ions.  Since  acid  dyestufis  are  not  precipitated  by 
dilute  acids,  they  are  not  fixed  under  these  conditions.  The  in- 
fluence of  the  size  of  the  dyestuff  particles  and  the  size  of  the  pores 
of  the  fibre  on  the  course  of  the  dyeing  process  is  also  considered, 
and  a  large  number  of  experimental  results  is  recorded. 

Developments  in  Steam  Generation.  H.  G.  Stott.  (Elect. 
Rly.  Journal,  xxxviii.  781.) — In  American  practice  the  use  of 
measuring  instruments  in  the  boiler  room  has  proved  it  possible  to 
make  the  boiler  conform  more  closely  to  the  load  curve  than  for- 
merly. The  Venturi  meter  for  measuring  the  feed  to  the  individual 
boiler ;  the  Pitot  tube  in  the  steam  pipe  for  giving  a  general  indica- 
tion of  the  relative  amount  of  work  done  in  different  boilers ;  and  a 
coal-measuring  instrument  in  the  chute  or  down-take  coal  pipe, 
have  been  used  along  with  forced  combustion,  and  the  records  of 
one-minute  indications  of  steam  and  water-flow  meters  have  been 
studied  to  show  the  variations  in  power  due  to  variations  in  load. 
To  meet  these  variations  it  is  recommended  that  the  boiler  room 
should  be  designed  for  maximum  operating  conditions  and  economy 
at  average  load,  and  to  sacrifice  slight  economv  at  light  loads  bv 
working  only  one  of  a  pair  of  grates  to  each  boiler,  the  other  being 
banked  ;  or  to  employ  the  auxiliary  use  of  liquid  fuel ;  or  to  have 
grates  capable  of  working  with  natural  draught  up  to  a  given  power 
and  thereafter  with  forced  draught. 


RECENT   ADVANCES    IN   THE   ART    OF    BATTLESHIP 

DESIGN.! 

BY 

NAVAL  CONSTRUCTOR  D.  W.  TAYLOR,  U.  S.  N. 

In  October,  1905,  Great  Britain  laid  the  keel  of  a  battleship 
materially  larger  than  any  before  constructed  and  differing  much 
from  its  immediate  predecessors,  notably  in  tlie  fact  that  the 
heavy  turret  guns,  instead  of  comprising  two  calibres,  were  all 
of  the  heaviest  calibre — 12  inches — and  there  was  no  intermediate 
battery  of  6-inch  calibre,  the  only  calibre  carried  being  12  inches 
in  the  main  battery  and  3  inches  in  the  secondary  batterv  or  tor- 
pedo defense  battery.  This  vessel,  named  the  Dreadnought,  be- 
ing constructed  with  unprecedented  rapidity  and  under  circum- 
stances of  unusual  and,  for  Great  Britain,  unprecedented  secrecy, 
was,  largely  for  this  reason,  the  best  advertised  ship  in  the  world. 
It  has  been  the  fashion  since  to  call  large  l:)attleships  Dread- 
noughts, though  in  England,  where  the  fashion  originated,  the 
expression  super-Dreadnought  is  much  used  now,  and  doubtless 
we  shall  soon  hear  of  super-super-Dreadnoughts. 

While  the  Dreadnought  herself  has  been  thrown  in  the  shade 
by  the  later  vessels,  some  of  which  are  more  than  fifty  per  cent, 
larger,  she  ushered  in  an  era  of  world-wide  competition  in  battle- 
ship building  and  rapid  increase  of  size  and  power  of  individual 
ships. 

Table  I  below  shows  the  effective  battleship  tonnage  on  Janu- 
ary I,  1912,  of  the  eight  leading  naval  powers,  divided  between 
completed  battleships  of  the  pre-Dreadnought  type  and  vessels  of 
the  Dreadnought  type,  built  and  building.  For  the  purpose  of  this 
classification  vessels  having  a  main  battery  of  all  big  guns.  1 1 
inches  or  more  in  calibre,  are  classed  as  of  the  Dreadnought  type. 
None  of  the  eight  nations  of  Table  I  is  building  battleships  of  any 
other  tvpe.  \^essels  over  twenty  years  old  are  not  included,  so 
Table  I  shows  approximately  the  battleship  toimage  completed  or 
laid  down  from  1891  to  about  1906  as  compared  with  that  com- 
pleted or  laid  down  from  about  1906. 

*  Presented  at  the  stated  meeting  held  Wednesday.  February  21.  1912. 
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Table  I. 
Effective  Battleship    Tonnage. 

Pre-Dread-  Dreadnought  type 

nought  type  built 

Nations.                                                             built.  and  building. 

Tons  of  dis-  Tons  of 

placement.  displacement. 

Great    Britain     617,500  483,350 

Germany   252,712  359,120 

United   States    334,146  221,650 

France    286,005  92,368 

Japan    191,698  41,600 

Russia    122,250  158,000 

Italy    97,500  85,620 

Austria    74,613  80,000 

Table  I  brings  out  clearly  the  world-wide  "  speeding  up  "  in 
battleship  building  of  the  last  few  years.  The  figures  for  Great 
Britain  and  Germany  make  it  clear  why  some  people  in  Great 
Britain  consider  that  country  to  have  made  a  colossal  blunder 
when  she  forced  the  pace  by  building  a  new  and  more  powerful 
type  of  battleship.  The  result,  of  course,  is  to  relatively  reduce 
in  value  earlier  battleships,  as  to  which  we  see,  in  the  second 
column  of  Table  I,  England  had  a  much  greater  superiority  over 
Germany  than  indicated  in  the  third  column  for  battleships  of 
Dreadnought  type.  Incidentally,  Table  I  makes  it  clear  why  the 
United  States  is  just  yielding  the  place  of  the  second  naval  power 
to  Germany.  Of  completed  battleships  the  United  States  even  yet 
has  more  tons  than  Germany,  but  the  latter  country  is  building  so 
many  more  tons  that  the  United  States  will  never  regain  second 
place  unless  there  is  a  marked  change  of  policy  on  the  part  of  one 
country  or  of  both. 

Of  course,  the  customary  gauging  of  naval  power  by  tonnage 
is  not  an  exact  method  of  determining  fighting  power,  but  there  is 
no  accepted  method  by  which  we  can  determine  this  except,  per- 
haps, actual  war.  Even  tonnage  statistics  are  not  strictly  com- 
parable. We  know  that  we  use  two  kinds  of  tons  in  this  country, 
the  short  ton  and  the  long  ton.  For  measuring  displacement  of 
battleships  there  are  virtually  as  many  different  kinds  of  tons  in 
use  as  there  are  nations. 

A  freight  steamer  may  be  able  to  carry  in  cargo  double  the 
w-eight  of  her  hull  and  machinery.  Her  displacement  then  may 
vary  200  per  cent,  from  her  empty  displacement.  A  battleship  has 
a  much  larger  proportion  of  fixed  weight,  but  carries  a  large 
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removable  or  variable  load  in  ber  coal,  ammunition,  stores,  and 
water.  Sucb  weights  may  amount  to  eighteen  or  twenty  per  cent, 
of  the  empty  weight  of  a  large  battleship.  It  is  the  practice  to 
include  arbitrary  amounts  of  consumable  weights  when  fixing 
the  legend  displacement  of  a  battleship,  and,  as  the  practice  in  this 
respect  of  the  various  nations  varies,  the  designed  or  official 
displacement  of  a  given  battleship  would  be  different  in  each 
country. 

In  most  countries  the  designed  displacement  of  a  battleship 
corresponds  to  a  condition  in  which  she  carries  a  rather  small 
proportion  of  her  capacity  of  consumable  weights.  That  was 
also  the  practice  in  the  United  States  until  about  three  years  ago, 
when  a  much  larger  proportion  of  consumable  weights  was  in- 
cluded in  the  designed  displacement.  A  20,000-ton  vessel  under 
our  previous  practice,  which  was  close  to  the  average  foreign 
practice,  would  be,  say,  a  21,500-ton  vessel  under  our  present 
practice. 

There  is  another  little  peculiarity  about  warship  tonnage  as 
custO'marily  stated.  The  displacement  of  a  battleship  is  the  de- 
signed displacement  and  never  changes.  We  have  never  had 
much  experience  O'f  vessels  materially  exceeding  their  designed 
displacement — I  believe  no  vessel  of  war  built  on  the  designs  of 
the  Navy  Department  since  1903  has  exceeded  her  designed  dis- 
placement by  a  single  ton — but  I  know  of  cases  of  vessels  such  as 
the  Dreadnought  herself  which  notoriously  exceeded  their  de- 
sigfned  displacement  when  completed,  yet  are  carried  on  all  lists 
at  the  displacement  of  their  original  design. 

Of  course,  the  question  of  the  proportion  of  consumable 
weights  to  be  included  in  the  official  displacement  of  a  battleship 
is  largely  one  of  expediency.  Whatever  the  practice  in  this 
respect,  the  designer,  in  fixing  position  of  armor  and  such  matters, 
must,  of  course,  consider  all  conditions  of  loading. 

If  the  official  displacement  of  a  battleship  is  fixed  rather  light, 
she  will  make  a  slightly  better  speed  on  trial — the  difference  is 
very  slight  indeed  for  large  battleships — and  if  existing  tonnage 
is  minimized,  the  chance  of  legislative  authorization  of  more  is 
improved.  If,  on  the  other  hand,  the  official  displacement  is  fixed 
rather  heavy,  since  consumable  weights  which  make  her  heavy  are 
not  included  in  cost  of  construction,  the  battleship  will  be  cheaper 
per  ton  of  displacement. 
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OFFENSIVE  POWER. 

A  battleship,  as  you  know,  is  a  very  complicated  matter,  a 
complete  design  being  evolved  by  art  as  well  as  by  science  from 
many  conflicting  considerations.  Perhaps  the  most  salient  charac- 
teristics bearing  directly  upon  war  efficiency  are  offensive  power, 
speed  and  endurance,  and  defensive  power. 

There  are  many  other  essential  characteristics,  such  as  habita- 
bility,  strength  of  structure,  stability  in  intact  and  damaged  con- 
dition, seaworthiness,  etc.,  but  for  present  purposes  we  must 
largely  take  these  for  granted. 

In  making  Table  I  we  adopt  as  the  dividing  line  between 
the  Dreadnought  type  and  pre-Dreadnought  types  the  character- 
istic of  carrying  a  main  battery  of  all  big  guns  1 1  inches  or  more 
in  calibre.  The  Dreadnought  was  by  nO'  means  a  wholly  novel  type. 
The  name  has  been  borne  in  succession  by  a  number  of  British 
men-of-war,  and,  curiously  enough,  when  we  compare  the  Dread- 
nought of  1905  with  her  immediate  predecessor  completed  in  1875 
(just  thirty  years  before  the  Dreadnought  of  the  present  day 
was  laid  down)  we  find  that  the  Dreadnought  of  1875,  like  her 
successor,  was,  when  completed,  the  largest,  fastest,  most  power- 
ful, and  most  heavily  armored  British  battleship.  Her  main  bat- 
tery was  uniform  in  calibre,  consisting  of  four  muzzle-loading 
rifles  of  12.5  inches  calibre,  mounted  in  turrets.  She  carried  also 
six  rapid-fire  guns — called  then  quick-firing — of  2j^  inches  cali- 
bre. The  Dreadnought  of  1905  carried  a  main  battery  tmiform 
in  calibre  consisting  of  ten  breech-loading  rifles  of  12  inches 
calibre,  mounted  in  turrets.  She  carried  also  twenty-seven  rapid- 
firing  guns  of  3-inch  calibre.  Each  of  these  Dreadnoughts  had 
an  armor  belt  extending  from  end  to  end ;  its  thickness  amidships 
was  1 1  inches  in  each  case. 

Compare  then  how  we  may,  the  twin-screw,  reciprocating- 
engined,  14-knot,  10,800-ton  Dreadnought  oif  1875  shows  remark- 
able similarity  of  type  to  the  four-screw,  turbined,  18,000-ton, 
21^-knot  Dreadnought  of  thirty  years  later.  One  naturally 
asks  how  it  happens  that  in  1905,  when  making  a  marked  advance 
in  battleships,  there  was  recurrence  to  the  type  of  1875,  particu- 
larly as  regards  battery.  The  reasons,  I  think,  are  two-fold. 
In  the  first  place,  in  thirty  years  the  process  of  evolution  had 
nearly  completed  its  cycle  and  the  battery  was  approaching  again 
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the  type  of  a  generation  before.  There  are  on  a  battleship  but 
two  really  satisfactory  locations  for  turrets  carrying  heavy  guns. 
One  is  forward  of  the  machinery  spaces  in  the  centre  line  of  the 
ship,  and  the  other  is  aft  of  the  machinery  spaces,  also  in  the 
centre  line  of  the  ship.  So  we  find  successors  to  the  Dreadnought 
of  1875  in  the  English  Navy  mounting  usually  four  heavy  guns 
in  these  locations.  But  there  was  a  steady  evolution  from  the 
half  dozen  2^ -inch  quick-firing  guns  of  the  old  Dreadnought. 
The  secondary  battery  grew  into  an  auxiliary  battery  plus  a 
secondary  battery,  so  that  in  fifteen  years,  or  about  1890,  we  find 
British  battleships  carrying  four  heavy  or  main  battery  guns  as 
before,  but  instead  of  a  few  puny  quick-firing  guns  they  carried 
ten  or  a  dozen  6-inch  guns,  protected  behind  armor,  in  addition 
to  smaller  guns  still. 

These  6-inch  guns,  combined  with  four  heavy  12-inch  guns, 
remained  the  standard,  one  may  say,  for  some  ten  years  or  so. 
In  the  King  Edward  class,  designed  about  1901,  we  find  a  change. 
Their  immediate  predecessors  carried  four  12-inch  guns,  twelve 
6-inch  guns  behind  armor  and  sixteen  3-inch  guns  unprotected. 
The  King  Edwards  carried  four  12-inch,  four  9.2-inch  in  turrets, 
ten  6-inch  behind  armor  and  twelve  3-inch  unprotected.  This 
was  the  first  appearance  of  the  9.2-inch  gun  upon  the  British 
battleship.  The  next  British  class — the  Lord  Nelsons — laid  down 
in  1904,  abandoned  the  6-inch  gun.  The  Lord  Nelson  carried 
four  12-inch,  ten  9.2-inch  in  turrets,  and  fifteen  3-inch  unpro- 
tected. Here,  then,  we  have  two  sizes  of  heavy  turret  guns,  and 
it  is  quite  reasonable  to  suppose  that  in  time  the  9.2-inch  guns 
would  have  grown  larger  until  by  natural  evolution  the  all-big- 
gun  one-calibre  ship  would  have  appeared. 

But  there  was  a  second  factor  which  accelerated  the  slow 
process  of  evolution.  For  thirty  years,  to  my  knowledge,  it  has 
been  a  truism  of  the  ordnance  officer  that  the  gun  is  a  weapon 
of  precision.  Indeed,  the  precision  of  heavy  guns  is  astonishing. 
Twelve-inch  shells  fired  from  a  modern  high-powered  gun  and 
leaving  the  gun  in  exactly  the  same  direction  with  exactly  the 
same  velocity  may  be  expected  in  still  air  to  strike  a  target  10,000 
yards,  or  say  5^  miles,  away  within  a  very  few  feet  of  each  other. 
But,  strangely  enough,  up  to  some  ten  years  or  so  agO'  no  navy 
appears  to  have  realized  the  possibilities  of  the  gun,  or,  at  any 
rate,    to    have    developed    accuracy    of    shooting   tO'    an    extent 
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approaching  anywhere  near  the  inherent  possibiHties  of  precision 
of  the  gun.  I  think  it  may  be  justly  claimed  that  the  shooting 
of  the  United  States  Navy  has  always  been  as  good  as  that  of 
any  other  nation.  In  the  Spanish- American  war  the  shooting  of 
the  United  States  vessels  was  obviously  far  superior  to  that  of 
the  Spaniards,  but,  even  so,  the  percentage  of  shots  that  hit  was 
painfully  small,  and  it  is  only  the  hits  that  count.  But  about  the 
year  1900  there  began  a  movement  for  improvement.  It  orig- 
inated in  the  British  Navy,  but  their  first  improvements  were 
very  soon  adopted  in  the  United  States  Navy,  and  both  made 
rapid  and  remarkable  progress.  Telescopic  sights  were  adopted 
and  perfected.  Formerly  the  gun  sighter  had  to  look  simulta- 
neously at  his  rear  sight,  his  front  sight,  and  the  target.  With  the 
telescopic  sight  he  has  simply  to  look  at  the  target.  Cross  wires 
in  the  telescope  which  to  the  gun  sighter  seem  tO'  be  in  the  plane 
of  the  target  show  the  point  of  the  target  where  the  shot  will  strike 
if  the  sighting  is  correct.  Methods  were  devised  for  increasing 
the  rapidity  of  loading  and  for  facilitating  training  and  elevating 
guns  so  that,  regardless  of  the  motion  of  the  ship,  the  gun  could 
be  kept  always  pointed  on  the  target  and  could  be  fired  as  fast  as 
loaded.  Guns,  of  course,  were  fitted  with  sight  bars  adjustable 
for  the  various  ranges  and  also  to  allow  for  wind,  etc.,  but  it  was 
soon  found  that  there  were  variables  present  which  no  sight  bar 
could  take  account  of.  For  instance,  after  a  gun  had  been 
warmed  up  by  firing  a  number  of  shots  it  would  not  shoot  quite 
the  same  as  when  cold.  Twoi  charges  from  different  lots  of  pow- 
der would  not  shoot  alike.  Charges  from  the  same  lot  of  powder, 
if  of  different  temperatures  when  loaded,  would  not  shoot  alike. 
Careful  and  systematic  endeavors  were  made  to  eliminate  or 
reduce  to  rule  the  above  and  other  variables  liable  tO'  produce 
erratic  shooting,  and  it  was  found  in  the  end  that  the  most  hits 
were  made  if  the  sight  bar  was  corrected  as  necessary  from  obser- 
vations of  previous  shots.  Hence  the  development  of  observ^ation 
stations  as  high  up  as  possible,  so  that  the  "  spotters,"  as  they 
are  called,  can  follow  the  fall  of  shell  at  extreme  ranges.  Elab- 
orate systems  of  communication  were  also  developed,  so  that  the 
fire  control  officers  at  the  spotting  stations  could  readily  communi- 
cate necessary  instructions  tO'  all  guns. 

Now  it  was  found  very  early  in  the  evolution  of  methods  of 
fire  control  that  the  problem  was  very  much  complicated  when  it 
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was  attempted  to  handle  simultaneously  two  different  calibres 
of  guns.  Also,  the  largest  guns  were  much  more  accurate  at  the 
longest  ranges.  Hence  there  arose  a  demand  from  gunnery 
officers  for  uniformity  of  calibre  of  heavy  guns  just  about  the  time 
when,  by  a  process  of  natural  evolution,  we  were  approaching  this 
type.  Accordingly  we  find  the  British  Dreadnought  and  the 
American  Michigan,  which  was  designed  very  soon  afterwards, 
carr}-ing  12-inch  guns  and  3-inch  guns  only,  the  intermediate 
calibres,  which  w^ere  7  inches  and  8  inches  in  America  and  6  inches 
and  9.2  inches  in  Great  Britain,  having  disappeared. 

It  is  interesting  to  note  that  at  once  the  process  of  evolution 
again  began.  The  small  guns  were  called  the  torpedo  defense  bat- 
tery and  were  supposed  to  be  of  use  only  against  torpedo  vessels. 
But  in  England  the  3-inch  guns  of  the  Dreadnought  were  replaced 
by  4-inch  guns  on  her  successors,  and  it  is  currently  reported 
that  the  most  recently  laid  down  English  battleship  is  to  carry  a 
torpedo  defense  battery  of  6-inch  guns.  In  the  United  States  the 
3-inch  guns  of  the  Michigan  were  followed  by  the  5-inch  guns  of 
the  Delaware,  and  on  later  vessels  there  is  carried  an  improved 
type  of  5-inch  gun  about  as  powerful  as  the  6-inch  gim  of  ten 
years  ago.  Other  nations  which  took  up  the  Dreadnought  type 
later  never  abandoned  the  6-inch  gun.  Hence  we  may  say  that, 
broadly  speaking,  on  the  average  the  type  of  battery  of  to-day  is 
again  that  of  ten  or  fifteen  years  ago,  consisting  of  a  number  O'f 
heavy  gims  in  turrets  and  a  number  of  6-inch  guns  in  broadside. 
The  differences  are  that  on  the  much  larger  ships  two  or  three 
times  as  many  heavy  guns  are  carried  and  the  6-inch  guns  are  not 
so  well  protected,  being  regarded  by  many  designers  as  useful 
against  torpedo  craft  only.  With  the  increase  in  size  of  torpedo 
craft  and  in  range  of  the  torpedo  we  may  anticipate  a  demand  for 
torpedo  defense  guns  which  will  put  torpedo  vessels  out  of  action 
at  longer  ranges,  and  probably  for  larger  calibres  which  are  more 
accurate  at  the  longer  ranges.  The  art  of  fire  control  has  not 
stood  still,  and  the  problem  of  the  control  of  a  mixed  battery  is 
not  so  difficult  as  it  was  some  years  ago.  While  the  only  thing 
that  may  be  safely  prophesied  is  that  present  types  will  be  devel- 
oped into  others,  it  seems  reasonably  certain  that  the  evolution 
of  the  torpedo  defense  battery  of  to-day  will  be  along  one  of  two 
lines. 

The  torpedo  defense  batten'  will  be  made  larger  in  calibre. 
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given  more  protection,  and  relied  upon  for  use  in  action  against 
battleships,  so  that  we  will  return  to  a  mixed  battery  type,  or 
the  main  battery  will  be  relied  upon  for  torpedo  defense  work 
and  the  torpedo  defense  battery  will  disappear. 

In  concluding  what  I  shall  say  about  armament  I  would  invite 
your  attention  to  Fig.  i,  indicating  by  skeleton  deck  plans  the 
main  battery  distribution  of  the  most  recent  battleships  of  the 
principal  naval  powers.  Broadly  speaking,  the  heavy  turret  guns 
monopolize  the  commanding  positions  and  the  small  guns  have  to 
be  given  what  is  left.  Most  nations,  the  United  States  among 
them,  locate  the  torpedo  defense  guns  below  the  heavy  guns. 
They  are  thus  better  protected  and  easily  supplied  with  ammuni- 
tion, but  are  objectionably  close  to  the  water.  Great  Britain  has 
hitherto  located  torpedo  defense  guns  at  the  level  of  and  above 
the  heavy  guns.  It  is  much  more  difficult  to  carry  6-inch  guns  thus 
than  4-inch  guns,  and  if  it  is  a  fact  that  England  has  come  to 
6-inch  torpedo  defense  guns  it  is  very  probable  that  the  change 
in  calibre  will  be  associated  with  a  change  in  disposition. 

As  to  the  heavy  guns,  the  disposition,  as  shown  in  Fig.  i,  is 
most  varied.  I  have  already  mentioned  that  the  only  satisfactory 
locations  for  turrets  carrying  heavy  guns  are  forward  and  aft 
in  the  centre  line.  Broadside  fire  is  paramount  under  present 
conditions,  as  it  is  generally  admitted  that  ships  will  fight  broad- 
side to  broadside  rather  than  end  on. 

A  centre  line  mounting  is  the  only  one  that  permits  a  gim  to 
be  used  with  equal  effect  on  each  broadside.  A  gun  moimted 
in  the  centre  line  forward  can  also  be  used  forward  and  one  so 
mounted  aft  can  be  used  aft.  A  gun  mounted  in  the  centre  line 
near  the  middle  of  the  ship  can  be  used,  as  a  rule,  for  broadside 
fire  only,  and  generally  for  rather  a  limited  range  only.  Having 
in  view  the  necessities  of  the  machinery,  it  is  difficult  to  provide 
satisfactory  ammunition  stowage  for  guns  mounted  near  the 
middle  of  length  of  a  ship. 

As  exemplified  by  the  diagram  of  the  Michigan  in  Fig.  i,  it 
has  been  the  practice  in  the  United  States  Dreadnoughts  to  carry 
two  heavy  turrets  at  each  end,  thus  having  four  turrets  in  the 
most  satisfactory  location.  Additional  turrets  are  located  in  the 
centre  line. 

With  two  turrets  at  the  end  one  must  fire  over  the  other. 
As  this  American  arrangement  has  had  the  flattery  of  imitation 
by  nearly  all  foreign  nations,  the  history  of  its  adoption  may  be 
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of  interest.  It  was  first  seriously  proposed  and  advocated  by  the 
Bureau  of  Construction  and  Repair  in  1895  in  connection  with  the 
Kearsarge  design.  It  was  proposed  then  to  locate  an  8-inch  turret 
behind  and  firing  over  a  13-inch  lower  turret.  The  gunnery 
experts  of  the  day  claimed  that  under  such  conditions  the  lower 
turret  would  be  uninhabitable.  The  idea  lingered,  however,  and 
about  1904-5  a  thorough  test  was  made  upon  the  recommenda- 
tion of  Chief  Constructor  Capps.  After  preliminary  experiments 
at  the  Proving  Ground  a  crucial  test  was  made  on  the  monitor 
Florida.  A  12-inch  gun  was  removed  from  her  turret  and 
mounted  sO'  as  to  fire  over  it.  Simple  changes  were  made  in  the 
turret  roof  and  the  12-inch  gun  was  fired  over  it  a  number  of 
times.  The  tests  w^ere  progressive,  the  turret  being  occupied,  I 
believe,  first  by  four-footed  animals,  then  by  midshipmen,  and 
so  on  up  to  rear-admirals.  With  the  turret  top  of  proper  thick- 
ness and  tightly  closed  it  was  found  perfectly  feasible  to  occupy 
and  work  the  lower  turret  when  the  upper  turret  is  firing — a 
thing  which  will  seldom  be  done,  by  the  way — never  in  broadside 
firing. 

Fig.  I  shows  clearly  that  the  latest  battleships  of  nearly  all 
nations  have  adopted  this  disposition. 

It  is  seen  from  Fig.  i  that  heavy  turrets  that  are  not  placed 
near  the  ends  in  the  centre  line  are  disposed  according  to  three 
methods. 

1.  On  the  broadside  firing  on  one  side  only. 

2.  On  the  broadside  firing  through  a  large  arc  on  one  side  and 
a  restricted  arc  on  the  other. 

3.  In  the  centre  line  firing  equally  on  each  broadside. 

The  first  arrangement  has  the  serious  drawback  that  a  turret 
so  mounted  can  be  used  on  one  broadside  only.  It  is  seen  that 
the  United  States  never  adopted  it  for  the  heaviest  guns,  and 
England  and  Germany  have  abandoned  it. 

The  second  arrangement  has  the  disadvantage  that  the  arc 
of  fire  across  the  deck  is  usually  very  restricted — and  more  re- 
stricted, as  a  rule,  upon  the  actual  ship  than  upon  the  design. 
It  has  also  the  disadvantages,  common  to  all  large  broadside  tur- 
rets, that  the  opening  in  the  deck  for  the  barbette  below  the  turret 
is  a  source  of  weakness  of  structure  difficult  to  make  good,  and 
that  the  magazines  below  are  much  more  liable  to  be  exploded 
by  torpedoes  or  mines  than  in  the  central  location. 

With  this  broadside  arrangement  we  find  generally  one  turret 
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on  each  side  near  the  middle  of  the  ship.  On  paper  such  turrets 
are  generally  indicated  as  firing  from  right  ahead  to  right  astern. 
As  a  matter  of  fact,  it  is  not  practicable  in  most  cases  to  fire 
right  ahead  or  right  astern  without  serious  damage  to  the  ship 
from  the  blast. 

The  third  arrangement  has  the  advantage  from  nearly  all 
points  of  view,  except  that  when  two  turrets  are  used  and  it  is 
necessary  to  raise  one  in  order  to  permit  train  across  the  deck, 
it  is  slightly  heavier  than  the  broadside  arrangements. 

We  see  from  Fig.  i  that  at  a  comparatively  short  time  after 
the  adoption  of  the  all-big-gun  type  of  ship  many  nations  increased 
the  size  of  these  big  guns.  England  went  from  12  inches  to  135^ 
inches  in  the  Orion,  laid  down  in  1909.  The  United  States  went 
from  12  inches  to  14  inches  in  the  Texas,  laid  down  in  191 1.  Ger- 
many went  from  11  inches  to  12.2  inches  in  the  Thiiringen,  laid 
down  in  1908,  and  there  are  rumors  in  the  papers  that  she  is 
about  to  increase  again  her  big-gun  calibre,  and  that  other  nations 
who  have  not  surpassed  12  inches  are  about  to  do  so. 

The  introduction  of  a  new  calibre  of  heavy  guns  into  a  navy 
is  a  large  undertaking  and  results  in  permanent  complications  as 
regards  manufacture  and  supply  of  ammunition.  I  regard  it  as 
doubtful  if  the  calibre  of  14  inches  now  used  by  the  United  States 
will  be  exceeded  in  the  near  future  by  any  nation.  Looking  back- 
ward, it  may  be  recalled  that  eight  out  of  our  first  nine  battleships 
carried  13-inch  guns  of  rather  low  power  and  that  in  1899  "^^e 
made  a  reduction  of  bore,  adopting  the  12-inch  calibre — of  high- 
power  type. 

Before  leaving  the  question  of  offensive  power  I  will  touch 
very  briefly  upon  the  torpedo  battery  of  battleships.  The  torpedo 
is  a  weapon  which  cannot  be  ignored,  but,  being  at  best  compli- 
cated, easily  deranged,  and  erratic,  it  has  never  shown  in  practice 
capabilities  claimed  for  it  by  its  advocates.  It  is  primarily  the 
weapon  of  the  torpedo  craft,  but  battleships  carry  them  too — 
from  two  to  six  submerged  torpedo  tubes  being  carried  by  the 
latest  battleships.  Torpedoes  have  been  improved  during  the  last 
few  years,  and  with  their  increase  in  size  and  range  they  would 
now  be  a  very  formidable  addition  to-  the  battleship's  ofifensive 
power  were  it  not  for  the  fact  that  the  increase  in  fighting  range 
due  to  improvement  in  gunnery  has  been  relatively  even  greater 
than  the  increased  range  of  the  torpedo. 
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The  torpedo  battery  of  battleships  will  continue  to  be  a  strong 
incentive  to  induce  battleships  to  do  their  fighting  at  ranges  be- 
yond that  of  the  torpedo,  and  naturally  to  prevent  any  recrudes- 
cence of  ramming  tactics  in  battleship  actions.  Ramming  tactics 
became  obsolete  as  soon  as  the  torpedo  became  a  dangerous 
weapon,  more  than  a  quarter  of  a  century  ago. 

speed  and  endurance. 

The  question  of  the  proper  speed  for  a  battleship  is  one  con- 
cerning which  designers  differ  more,  perhaps,  in  theory  than  in 
practice.  Italy  is  the  only  nation  which  has  consistently  for  many 
years  attached  great  value  to  high-speed  battleships.  With  the 
exception  of  Italy,  we  may  almost  say  that  the  standard  battleship 
speed  at  the  time  of  the  Dreadnought  design  was  about  nineteen 
knots;  the  great  majority  of  battleships  were  designed  for  that 
speed  within  half  a  knot  above  or  below.  The  designed  speed 
of  the  Dreadnought  class  was  twenty-one  knots,  and  most  of  the 
nations  in  their  latest  ships  aim  at  battleship  speeds  above  twenty 
knots. 

The  maximum  speed  of  a  battleship  is,  in  the  public  eye  and 
in  tables  of  data,  a  constant  quantity.  We  find  it  always  stated 
as  the  maximum  speed  attained  or  alleged  to  be  attained  on  trial. 
As  a  matter  of  fact,  there  is  no  characteristic  of  the  battleship  so 
variable  and  indefinite  as  the  actual  maximum  speed  which  it  can 
show  at  any  given  time.  The  wind  and  the  sea  will  materially 
afifect  speed,  their  influence,  of  course,  being  transitory.  Foulness 
of  bottom  due  to  the  length  of  time  out  of  dock  may  readily  reduce 
the  maximum  speed  two  knots  or  so  below  what  might  be  other- 
wise attained.  The  condition  of  the  machinery,  the  efficiency 
of  personnel,  the  chapter  of  accidents  all  affect  speed  and  render 
it  variable  and  uncertain. 

The  possible  speed  of  a  fleet  is,  of  course,  the  maximum  speed 
of  the  slowest  vessel  in  it,  and  hence  the  speed  of  a  fleet  is  apt  to 
be  very  much  less  than  the  maximum  on  trial  of  any  individual 
member  of  the  fleet,  since  a  large  fleet  is  almost  certain  to  have 
one  or  more  lame  ducks. 

To  the  popular  mind,  particularly  in  America,  speed  seems  to 
appeal  in  a  peculiar  fashion.  Superiority  of  speed  seems  to  imply 
somehow  superior  fighting  qualities,  just  as  quickness  in  a  pugilist 
is  associated  with  fighting  ability. 
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As  a  matter  of  fact,  speed  appears  to  be  of  more  value  strate- 
gically— that  is  to  say,  during  the  moves  previous  to  actual  contact 
— than  tactically — that  is  to  say,  during  actual  battle.  A  number 
of  years  ago  investigations  at  the  United  States  Naval  War  Col- 
lege led  our  experts  to  the  conclusion  that,  as  regards  battleships, 
superior  speed  was  not  of  great  advantage  for  the  probable  con- 
ditions of  actual  battle  unless  superiority  was  very  marked,  say 
three  or  four  knots. 

In  those  days,  moreover,  the  probable  fighting  ranges  in  battle 
were  taken  to  be  2,000  yards  or  so.  The  fighting  range  has  now 
grown  to  10,000  yards  or  more.  Bearing  this  in  mind,  it  is 
obvious  that  the  relative  superiority  given  by  three  or  four  knots 
advantage  of  speed  when  fighting  at  2,000  yards  would  require 
an  advantage  of  probably  eight  to  twelve  knots  when  fighting  at 
10,000  yards.  Without  pursuing  this  line  further,  I  think  it 
may  be  safely  stated  that  for  battleships  the  main  advantage  of 
speed  is  the  ability  it  confers  to  refuse  action,  which  is  a  polite 
expression  for  running  away.  The  next  advantage  of  speed  is 
the  ability  it  confers  to  force  action,  or  to  catch  an  enemy  who  is 
running  away. 

Once  battle  is  joined  battleship  speed  is  of  comparatively 
minor  value. 

The  penalties  of  speed,  or  the  sacrifices  which  must  be  made 
to  attain  speed,  are  very  large  indeed.  One  might  think,  at  first 
sight,  that  it  would  simply  be  a  question  of  giving  up  so  much 
weight  of  armor  or  armament  and  putting  it  into  machinery. 
This,  however,  is  very  far  from  being  the  case.  The  indirect 
sacrifice,  particularly  as  regards  protection,  necessary  to  obtain 
speed  is  much  greater  than  the  direct  sacrifice.  This  is  mainly 
because  high  speed  is  necessarily  associated  with  great  length. 
This  fact  is  illustrated  by  Fig.  2,  which  shows  the  estimated 
curves  of  horsepower  for  a  series  of  30,000-ton  battleships,  all 
of  the  same  beam — 'lOO  feet — with  the  same  draft — 28^  feet. 
The  influence  of  length  upon  speed,  sometimes  enormous  and 
always  important,  is  obvious  from  the  diagram. 

If  we  assume  that  in  each  case  we  could  put  a  maximum  of 
70,000  horsepower  into  the  vessel,  which  is  somewhere  near  the 
truth,  we  see  that  if  she  were  made  500  feet  long  the  speed  would 
be  twentv-one  knots,  whereas  if  she  were  made  800  feet  long  the 
speed  would  be  twenty-eight  knots. 


Recent  Advances  in  Battleship  Design. 


487 


It  is  doubtful  if  sufficient  length  and  space  could  be  given  to 
machinery  in  a  500-foot  vessel  to  enable  70,000  horsepower  to 
be  developed ;  probably  it  would  not  be  possible  to  drive  such  a 
vessel  over  twenty  knots,  owing  to  limitation  of  space  for 
machinery. 

However,  assuming,  for  the  present,  that  we  could  get  70,000 
horsepower  into  each  vessel,  the  weight  of  machinery  would  be 
approximately  the  same,  regardless  of  the  length  of  the  vessel; 
but  to  build  a  30,000-ton  vessel  800  feet  long  would  take  a  very 
much  greater  weight  of  hull  than  to  build  a  30,000-ton  vessel  500 
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feet  long.  This  additional  weight  of  hull  would  have  to  come 
from  the  armor  or  armament,  the  30,000  tons  of  displacement 
being  fixed.  Moreover,  the  thickness  of  armor  protection  for  a 
given  weight  which  could  be  placed  on  an  800-foot  vessel  would 
be  very  much  less  than  for  the  same  weight  applied  to  a  500-foot 
vessel. 

It  is  evident,  then,  that  the  penalty  paid  for  speed  besides  the 
direct  weight  necessary  to  provide  for  machinery  is  the  additional 
weight  of  hull  necessary  to  provide  a  vessel  of  the  length  and  form 
to  enable  it  to  be  driven  at  the  higher  speed,  and,  superposed 
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upon  this,  the  diminution  of  the  armor  thickness,  or  the  restric- 
tion of  the  proportion  of  the  area  of  the  ship  protected  by  amior 
resulting  from  the  greater  length  to  be  protected.  The  solution 
of  the  problem  of  speed  is  then  obviously  a  compromise  between 
conflicting  considerations,  as  is  the  case  of  so  many  other  prob- 
lems of  warship  design.  For  the  latest  United  States  battleships 
the  designed  speeds  have  varied  from  twenty  and  a  half  knots  to 
twenty-one  knots,  trial  speeds  usually  being  a  little  better  by 
half  a  knot  or  so. 

It  will  be  seen  from  Table  II  that  these  speeds  are  close  to  the 
average  of  those  chosen  by  foreign  nations. 

The  question  of  endurance  of  vessels  of  war,  or  the  distance 
which  they  can  steam  with  designed  fuel  capacity,  is  one  which  is 
very  difficult  to  reduce  to  absolute  rule. 

In  the  first  place,  a  battleship  will  seldom  make  the  same  run 
twice  with  the  same  coal  consumption.  There  are  too  many  varia- 
ble factors ;  the  skill  of  personnel,  condition  of  machinery,  condi- 
tion of  bottom,  and  weather  conditions  are  all  variables  which 
enter  into  the  question  of  endurance.  There  is  hardly  any  quan- 
tity, moreover,  which  is  so  apt  to  be  misrepresented  as  that  of 
endurance  and  so  constantly  exaggerated.  A  trial  is  made  under 
most  favorable  conditions,  the  coal  consumption  being  reduced 
to  the  minimum,  and  the  endurance  is  stated  to  be  that  obtained 
by  dividing  the  coal  capacity  by  the  consumption  of  the  main 
engines,  the  trial  being  perhaps  of  a  few  hours'  duration  only. 
With  such  methods  it  is  easy  to  obtain  an  endurance  50  or  100 
per  cent,  greater  than  will  be  shown  by  the  vessels  in  actual  ser- 
vice under  average  conditions. 

The  matter  of  endurance  has  been  brought  more  prominently 
to  the  front  during  the  last  few  years  by  reason  of  the  almost 
universal  adoption  of  turbines  for  the  propelling  machinery  of 
battleships.  These  have  the  unfortunate  feature  that  if  designed 
to  give  the  best  speed  or  the  best  results  at  or  near  the  top  speed, 
while  giA'ing  better  results  for  these  conditions  than  reciprocating 
engines,  they  are  very  much  less  efficient  than  the  reciprocating 
engines  at  ordinary  cruising  speeds.  Now  if  the  greatest  endur- 
ance is  aimed  at.  it  is  necessary  to  steam  at  quite  a  low  speed, 
below  ten  knots,  in  fact,  but  ordinarily  endurances  are  figured  on 
the  basis  of  a  ten-knot  speed. 

The  net  work  done  in  driving  a  ship  over  a  distance  is  pro- 
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portional  to  the  resistance  and  to  the  distance  over  which  the 
resistance  is  overcome.  For  a  constant  distance  the  net  work  is 
proportional  to  the  resistance,  and  if  the  resistance  decreases 
indefinitely  with  speed  the  net  work  will  also  so  decrease.  But 
with  any  type  of  machinery  the  ratio  between  the  net  and  gross 

Table  II. 

Designed  Speeds  and  Armor  Thickness  of  Recent  Battleships  of  Various  Nations. 

(From  Jane's  Warships.) 


Nations. 

Vessels. 

No.  in 
class. 

Year  of  laying 

down  first  of 

class. 

Designed 
speed,  knots. 

Thickness  0  f 
armor  belt, 
maximum. 

Great  Britain.  J 

Monarch  Class 

Orion  Class 

5 
3 
2 

3 

1910 
IQOQ 

21 
21 

Inches. 
12 
12 

Colossus  Class 

St.  Vincent  Class 

1909                    21 
1907                    21 

12 

9^ 

Germany J 

8 
4 
4 

1909 
1908 
1906 

20 
20 
195 

11^ 

Thiiringen  Class 

Nassau  Class 

9^ 

United  States.  J 

New  York  Class 

Arkansas  Class 

Utah  Class     

2 
2 
2 

I9II 
I9IO 
1909 

21 

20.5 

20.75 

12 
II 
II 

Japan J 

Kawachi  Class 

Aki  Class 

2 

I 
I 

1909 
1905 
1905 

20 

20.5 

20 

12 

Q 

1 

Satsuma  Class 

9 

France / 

Jean  Burt  Class 

Danton  Class 

6 
6 

I9IO 
1907 

21 
19.4 

10^ 

10 

Italy 1 

Conte  di  Cavour  Class 
Dante  Alighieri  Class 

3 

I 

I9IO 
1909 

22.5 
23 

Austria 1 

Tegetthof  Class 

Radetzky  Class 

4 
3 

I9IO 
1907 

21 
20 

II 
9 

Russia / 

Gangoot  Class 

4 
2 

IQO9 

23 

II 

Imperator  Class 

1903 

18 

8/^ 

work  will  decrease  at  low  speeds  as  the  speed  decreases,  so  there 
will  be  some  low  speed  at  which  the  gross  work  done  in  steaming 
a  given  distance  will  be  a  minimum.  In  practice  the  speed  for 
minimum  gross  work  or  maximum  endurance  is  inconveniently 
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small,  but  in  most  cases  the  endurance  at  the  convenient  speed  of 
ten  knots  is  ahnost  as  great  as  the  maximum  possible  endurance. 

The  reduced  economy  of  the  turbines  is  associated  not  only 
with  the  economy  of  the  turbine  proper,  but  with  the  reduced 
efficiency  of  the  type  of  propeller,  which  must  be  adopted  to  give 
the  best  all-round  results  for  the  turbine,  hence  the  only  fair 
basis  of  comparison  is  one  involving  all  of  the  factors. 

I  have  attempted  to  make  such  a  comparison  between  the 
scouts  Birmingham,  Chester,  and  Salem,  tried  two  or  three  years 
ago.  The  Birmingham  was  fitted  with  reciprocating  engines, 
and  the  Chester  and  Salem  with  turbine  engines  of  different  types. 
The  curves  of  Fig.  3  show  the  pounds  of  water  used  by  the  main 
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turbines  per  knot  for  various  speeds.     The  Chester,  being  fitted 
with  various  combinations,  required  three  curves. 

The  basis  of  pounds  of  water  used  per  knot  was  adopted  in 
order  to  eliminate  as  nearly  as  possible  the  effect  of  type  of  boiler, 
efficiency  of  firing,  etc. 

.  I  will  invite  attention  to  two  facts  brought  out  by  Fig.  3. 
In  the  first  place,  the  curves  are  still  falling  off  at  the  speed  of  ten 
knots,  so  that  if  these  vessels  were  to  steam  the  maximum  possible 
distance,  time  being  not  important,  it  would  be  policy,  as  already 
indicated,  to  adopt  a  speed  even  below  ten  knots. 
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In  the  second  place,  the  Birmingham,  with  reciprocating 
engines,  shows  markedly  better  economy  at  the  low  speeds  and 
worse  at  the  high  speeds. 

Incidentally  it  may  be  remarked  that  the  maximum  trial  speed 
of  the  Birmingham  was  materially  below  that  of  the  two  turbine 
vessels. 

Although  turbines  have  been  adopted  by  practically  all  nations, 
including  ourselves,  for  battleships,  the  superior  economy  of  the 
reciprocating  engines  at  cruising  speeds  caused  us  to  return  to 
them  for  the  Texas  and  New  York,  now  under  construction,  and 
contracted  for  a  little  over  a  5^ear  ago.  Of  our  two  battleships 
just  contracted  for,  the  Nevada  and  Oklahoma,  one  will  have 
reciprocating  engines  and  the  other  turbines  arranged  so  as  to 
promise  better  economy  than  hitherto. 

Many  devices  have  been  proposed  for  obtaining  the  advan- 
tages of  the  turbines  at  high  speeds  and  good  economy  at  low 
speeds. 

To  gain  the  maximum  steam  economy  for  the  turbine  it  should 
revolve  much  faster  at  high  speeds  than  has  been  the  practice, 
while  the  propeller  of  maximum  economy  should  revolve  much 
more  slowly.     When  directly  connected  each  hampers  the  other. 

Among  the  methods  to  increase  the  economy  of  turbine-driven 
ships,  I  may  note  the  following: 

1.  Gearing  the  turbine  shaft  to  the  propeller  shaft.  Then 
the  turbine  can  run  as  fast  as  desired  and  the  propeller  shaft  as 
slowly  as  desired  within  the  limitations  of  the  gearing.  This 
method  has  been  used  abroad  on  merchant  vessels  with  claims  of 
success,  and  is  being  tried  on  a  United  States  collier. 

2.  Indirect  electrical  drive — -turbine  of  maximum  economy 
driving  electric  generators,  which  in  turn  drive  electric  motors 
on  the  shafts. 

This  method  is  being  tried  on  a  United  States  collier  under 
construction.  It  is  heavier  and  more  complicated  than  the  simple 
gearing,  but  is  more  flexible  than  the  gearing  method  and  can  be 
used  for  powers  larger  than  would  be  undertaken  with  gearing 
at  present. 

3.  Small  reciprocating  engines,  to  be  clutched  in  at  cruising 
speed  and  thrown  out  at  high  speeds,  which  exhaust  to  the  tur- 
bines.    This  method  is  being  tried  on  a  United  States  torpedo 


492  D.  W.  Taylor. 

boat  destroyer  under  construction,  and  shore  tests  of  the  appara- 
tus indicate  marked  gain  in  economy. 

As  might  be  expected,  each  method  tried  has  difficulties 
and  objections  pecuhar  to  it,  but  steady  progress  is  being  made, 
and  probably  it  will  not  be  long  before  a  satisfactory  solution  will 
be  evolved.  It  appears  to  me  that  at  present  for  vessels  carrying 
tlie  whole  or  a  large  proportion  of  their  fuel  supply  in  the  form 
of  oil,  as  do  our  most  recent  battleships,  the  ideal  solution  would 
be  to  fit  Diesel  engines,  or  the  equivalent,  driving  generators, 
which  in  turn  drive  motors  upon  the  shafts ;  this  installation,  how- 
ever, to  be  of  low  power,  adapted  to  drive  the  ship  about  ten  knots 
only.  For  higher  speeds  turbines  and  boilers  would  be  relied 
upon. 

Such  an  arrangement  would  be  slightly  heavy  as  regards 
weight,  but  would  have  the  advantage  that  the  endurance  would 
be  doubled  at  cruising  speed  and  an  entirely  independent  means 
of  propulsion  would  be  provided,  giving  reasonable  insurance 
against  breakdowns.  It  would  also  be  a  step  towards  the  generally 
anticipated  use  of  the  oil  engine  only  for  propulsion. 

Such  an  installation  would  involve  some  difficult  engineering 
problems,  but  I  know  of  no  reason  why  they  could  not  be  satis- 
factorily solved. 

PROTECTION. 

Let  us  now  consider  briefly  the  question  of  the  protection  of 
battleships. 

In  this  connection  we  need  to  consider  attack  by  gun  fire, 
by  torpedoes,  by  mines,  and  by  explosives  dropped  from  aero- 
planes. The  principal  things  to  be  protected  are  the  buoyancy 
of  the  battleship,  her  stability,  her  vitals  below  water,  such  as 
engines,  boilers,  steam  pipes,  magazines,  and  steering  gear;  her 
armament ;  and  the  personnel  directing  the  operation  of  the  vessel. 

As  regards  gun  fire,  we  rely  for  protection  almost  entirely 
upon  armor,  whether  vertical  armor  on  the  sides  or  horizontal  or 
sloping  armor  in  the  shape  of  a  protective  deck.  It  is  evident  that 
if  the  ship  were  composed  of  a  very  large  number  of  small  water- 
tight compartments  it  would  take  a  number  of  shots  to  destroy 
her  buoyancy  and  stability,  since  each  shot  would  reach  but  a 
limited  numl)er  of  the  compartments.  This  principle  of  sub- 
division is  relied  upon  to  some  small  extent  for  protection  against 
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gun  fire,  but,  as  already  stated,  our  main  protection  must  be 
armor. 

An  ideal  system  of  protection  against  gun  fire  would  be  one 
where  the  sides  are  covered  with  impenetrable  armor  from  a  point 
below  the  water  line,  as  low  as  will  ever  be  attacked  by  shell,  to 
a  point  sufficiently  high  above  the  water  line  to  insure  that  the 
ship  would  always  retain  her  buoyancy  and  stability. 

If,  at  this  upper  level,  there  w^ere  worked  a  level  impenetrable 
deck  we  would  have  protection  of  buoyancy,  stability,  and  vitals. 

To  complete  this  conception  we  should  have,  rising  from  this 
upper  level,  impenetrable  armor  superstructures  carrying  impene- 
trable turrets,  impenetrable  conning  towers,  etc.  Needless  to  say, 
this  ideal  is  not  attained  in  practice.  The  demand  for  offensive 
power  and  speed  in  battleships  is  so  great  that  defensive  power  in 
many  cases  falls  far  short  of  the  ideal  and  in  no  case  actually 
reaches  it. 

Full  infonnation  as  to  actul.1  armor  protection  of  the  battle- 
ships of  the  various  nations  is  very  difficult  to  obtain.  Half  a 
dozen  battleships  of  the  same  size,  carrying  the  same  total  weight 
or  armor,  would  distribute  it  somewhat  differently.  However, 
as  a  rough  gauge  of  armor  protection  we  may  use  the  maximum 
thickness  of  the  main  belt.  This  is  given  in  Table  H  for  a  num- 
ber of  the  most  recent  ships  of  various  nations,  the  latest  ship 
in  each  case  coming  first. 

It  will  be  observed  that  there  is  a  tendency  in  nearly  every 
nation  to  increase  armor  protection,  judging  by  the  maximum 
side  armor  thickness  given.  Another  fact  noticeable  from  the 
table  is  the  comparatively  close  agreement  of  a  number  of  nations 
in  the  maximum  side-armor  thickness  of  their  most  recent  ships. 
This  is  12  inches  in  Great  Britain,  Japan,  and  the  United  States, 
11^  inches  in  Germany,  11  inches  in  Austria  and  Russia,  and 
1034  inches  in  France.  There  is  no  information  as  to  the  Italian 
ships,  but,  considering  their  speed,  it  is  not  likely  that  their  armor 
is  very  heavy. 

For  many  years  there  have  been  two  opposing  classes  of 
thought  as  regards  armor  protection.  On  the  one  side  we  find 
the  greatest  importance  given  to  the  side  armor  with  the  idea 
of  keeping  the  shell  out  of  the  ship  as  long  as  possible:  on  the 
other  side  we  find  great  importance  given  to  the  horizontal  armor, 
or  sloping  armor,  the  idea  being  that  the  shell  would  not  do  much 
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damage  provided  it  does  not  reach  the  vitals.  Hence,  we  find 
material  variations  in  the  relative  weights  devoted  to  protective 
decks  and  side  armor. 

As  illustrating  current  ideas  of  armor  protection  I  invite 
attention  to  Fig.  4,  giving  the  approximate  distribution  of  armor 
upon  some  of  the  best  protected  of  the  most  recent  battleships; 
namely,  the  Argentine  Republic  battleships  Rivadavia  and  Mo- 
reno, building  in  American  shipyards  upon  American  designs.  It 
is  seen  that  we  have  first  a  12-inch  belt  extending  over  the  midship 
portion  of  the  vessel  and  tapering  slightly  forward  and  aft  until 
we  pass  the  last  heavy  gun  position,  where  it  drops  abruptly  to  a 
thickness  of  five  or  six  inches.  Above  this  belt  is  a  uniform 
thickness  of  nine  inches  of  armor  extending  to  the  upper  deck 
and  protecting  the  bases  of  turrets,  smokestacks,  engine  hatches, 
etc.  The  barbettes  and  turrets  rise  above  this  level,  their  pro- 
tection being  about  equivalent  to  that  of  the  main  belt.  We  also 
have  conning  towers  projecting  above  this  level. 

The  main  protective  deck,  with  a  flat  portion  above  the  water 
line  and  sloping  to  the  bottom  of  the  side  belt,  is  2-inch  nickel 
steel,  and  at  a  high  level  we  have  also  6-inch  armor  protecting  the 
12- to  6-inch  guns.  There  are,  in  addition,  a  number  of  4-inch 
guns  mounted  without  protection  on  top  of  turrets  and  elsewhere. 
Below  water  we  have  a  heavy  bulkhead  worked  about  10  feet 
within  the  side,  intended  primarily  for  protection  against 
torpedoes. 

The  question  of  protection  against  torpedoes  is  one  which 
is  by  no  means  solved.  The  usual  practice  has  been  to  make  com- 
partments as  small  and  as  numerous  as  possible  where  torpedo 
explosions  were  liable  to  occur,  and  the  larger  the  size  of  ship 
the  less  the  danger  that  a  single  torpedo  would  put  her  out  of 
action. 

In  the  war  between  Japan  and  Russia  there  were  some  very 
striking  examples  of  the  deadly  effect  of  submarine  mines  carry- 
ing large  charges  of  high  explosives.  During  that  war  the  tor- 
pedoes did  not  score  many  hits,  and,  when  they  did  score  a  hit, 
did  not  accomplish  the  damage  which  had  been  anticipated  by 
torpedo  enthusiasts.  But  since  then  the  speed,  accuracy,  and 
weight  of  explosives  carried  by  torpedoes  have  all  been  in- 
creased, and  there  has  been  developed  the  torpedo  gun.  or  a  tor- 
pedo carrying  in  a  "  gun  "  a  shell  charged  with  high  explosives, 
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which  is  fired,  when  the  torpedo  strikes,  with  a  velocity  sufficient 
to  penetrate  the  ordinary  ship  through  and  through. 

This  device  will  probably  be  almost  as  effective  against  a  ship 
protected  with  torpedo  nets  as  against  one  not  so  protected. 

The  question  of  further  protection  against  torpedoes  has  been 
talked  of  for  years,  and  there  is  more  and  more  tendency  to  fit 
such  protection.  It  has  usually  been  fitted  as  upon  the  Rivadavia, 
but  there  are  advocates  of  fitting  it  externally  in  the  shape  of 
external  armor  far  down  on  the  ship. 

There  is  little  reasonable  doubt  that  battleships  of  the  near 
future  will  carry  materially  greater  protection  against  torpedoes 
than  those  of  the  recent  past. 

As  regards  attack  from  aeroplanes,  which,  so  far  as  can  be 
anticipated  at  present,  will  come  entirely  in  the  form  of  explosives 
dropped  from  the  aeroplanes,  protection  is  not  yet  a  difficult  mat- 
ter. Any  bomb  so  dropped  cannot  be  expected  to  have  much 
penetrative  power,  and  from  present  aeroplanes  must  have  com- 
paratively small  weight.  It  would  be  possible  to  fit  nets  or  light 
shelters  above  vital  spots  which  would  explode  the  bomb  before 
it  reached  a  dangerous  position.  With  the  rapid  development  of 
aeroplanes,  however,  their  attack  may  become  very  serious  within 
a  comparatively  few  years  through  increase  of  carrying  capacity. 

It  will  have  been  observ^ed  that  in  speaking  of  protection 
against  torpedoes  I  intimated  that  present  protection  was  not 
satisfactory'  as  regards  the  most  recent  forms  of  attacks  by  this 
weapon.  The  situation  as  regards  attack  by  gun  fire  is  also 
not  satisfactory.  It  may  be  readily  inferred  from  the  varying 
thicknesses,  etc.,  of  the  armor  on  the  Rivadavia  that  the  desig-ner 
had  at  his  disposal  an  inadequate  weight  of  armor  and  has  to 
ponder  almost  ceaselessly  as  to  its  distribution,  giving,  of  course, 
the  greater  weight  where  there  is  the  greater  danger.  He  is  in 
the  position  of  the  tailor  who  must  cut  his  coat  to  suit  his  cloth, 
but  finds  his  cloth  quite  inadequate  to  make  a  proper  coat  of  any 
fashion. 

The  recent  increase  in  calibre  of  heavy  guns  in  this  countn- 
and  England  has  emphasized  the  fact  that  the  attack  by  gun  fire 
is  markedly  ahead  of  the  defense  by  armor.  In  "  Fighting  Ships 
for  191 T,"  by  Jane,  the  penetration  of  the  new  British  13^-inch 
gun  in  Krupp  armor  is  given  as  26  inches  at  3,000  yards  and  22 
inches  at  5,000  yards. 
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While  ranges  of  3,000  yards  and  5,000  yards  have  become 
very  short  for  fighting  within  the  last  few  years,  the  penetration 
of  this  gun  at  10,000  yards  would  probably  be  15  or  16  inches 
of  armor,  and,  except  in  favorable  weather,  it  would  hardly  be 
possible  to  carry  on  the  fight  at  greater  ranges  than  10,000  yards, 
owing  to  difficulty  of  vision. 

Bearing  in  mind  that  the  heaviest  armor  carried  by  any 
British  ship  mounting  13  3^ -inch  guns  is  but  12  inches,  we  may 
say  that  these  ships  can  penetrate  their  own  sides  as  far  as  it  is 
possible  to  see.  The  same  conclusions  will  apply  to  the  14-inch 
gnn  mounted  on  the  American  ships,  and,  indeed,  we  may  say 
almost  the  same  thing  of  the  more  powerful  of  the  12-inch  guns 
whose  use  is  practically  universal. 

As  may  be  inferred  from  Table  II,  there  is  a  tendency  to  in- 
crease armor  thickness  as  the  size  of  ships  increases,  and  in  the 
most  recent  United  States  ships  this  has  been  carried  materially 
further  than  indicated  in  the  table;  but  increases  hitherto  made 
can  hardly  be  regarded  as  adequate,  and  it  must  be  admitted  that 
at  the  moment  the  gun  is  superior  to  the  armor.  Whether  the 
armor  will  again  forge  ahead  by  superior  combination  of  old  ele- 
ments, the  development  of  still  further  improved  armor,  or  the 
devotion  to  armor  of  a  larger  proportion  of  the  displacement, 
it  is  impossible  to  say,  but  there  is  great  need  for  improvement 
in  protection,  and  it  would  seem  fairly  safe  to  prophesy  that  for 
some  years  to  come  we  may  expect  to  see  the  protection  developed 
relatively  more  rapidly  than  the  attack.  I  think  that  is  certainly 
the  proper  and  much-needed  line  of  development.  An  alternative 
is  to  give  up  the  fight  and  practically  abandon  armor. 

In  this  connection  I  would  invite  attention  to  some  extracts 
from  a  paper  by  Admiral  Bacon  before  the  British  Institute  of 
Naval  Architects  in  the  spring  of  1910.    He  says : 

The  problem  of  building  a  ship  which  can  not  be  sunk  by  the  explosion 
of  a  torpedo  is  one  that  has  exercised  the  skill  of  naval  architects,  and  the 
design  of  a  ship  which  will  not  be  incapacitated  by  such  attack  has  hitherto 
baffled  all  solution. 


As  regards  retention  of  the  present  thickness  of  armor  protection,  this 
is  a  matter  which  may  before  long  undergo  considerable  modification,  and 
the  armor  problem  of  the  future  appears  to  resolve  itself  into  the  answ^er 
to  the  following  question : 
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Supposing  the  guns  of  the  en-emy  can  with  certainty  pierce  armor  pro- 
tection at  reasonable  fighting  range,  what  is  the  most  economical  thickness 
of  armor  to  adopt?  Very  many  considerations  are  involved  in  the  answer 
to  the  question,  such  as  the  position  and  thickness  of  horizontal  armor, 
but,  considering  the  enormous  sacrifice  in  weight  now  made  to  carry  thick 
armor  protection,  it  is  a  matter  that  before  long  may  undergo  bold  and 
radical  revision. 

Developments  since  the  paper  of  Admiral  Bacon  appear  to 
indicate  that  the  bold  and  radical  revision  in  armor  protection 
has  not  come  as  yet,  though  now  overdue.  If  the  protection  does 
not  soon  relatively  increase,  the  only  thing  to  do>  will  be  to  aban- 
don protection,  just  as  the  knights  in  the  Middle  Ages  threw 
away  their  armor  after  gunpowder  weapons  were  developed,  and 
to  evolve  entirely  novel  types  of  ships.  Personally,  however,  I 
think  that  the  armor  maker  and  the  naval  designer  will  not  give 
up  the  fight  and  that  protection  will  gain  on  attack. 

In  this  connection,  while  slightly  apart  from  my  topic,  I  might 
say  a  word  or  two  about  the  fast  armored  cruisers,  or  "  battle 
cruisers,"  now  being  built  abroad.  These  vessels  illustrate  com- 
pletely what  I  have  said  about  the  indirect  effect  of  speed  upon 
protection.  They  are  as  large  as,  or  larger  than,  battleships,  and 
their  length  is  materially  greater  than  that  of  the  battleships, 
while  their  armor  protection  is  very  much  less.  They  carry  heavy 
guns,  as  heavy  as  battleships,  although  not  so  numerous,  and  pre- 
sumably would  have  to  fight  battleships  at  times.  Tlieir  protec- 
tion is  so  very  slight,  however,  that  against  modern  heavy  guns 
they  are  practically  on  a  par  with  the  old  protected  cruisers,  and 
the  value  of  an  enormous  ship  which  will  be  put  out  of  action 
immediately  upon  sighting  the  enemy  appears  at  most  proble- 
matic. They  undoubtedly  have  their  use  for  other  purposes  than 
the  line  of  battle,  such  as  scouting,  but  the  value  of  any  ship  for 
scouting  is  likely  to  be  largely  reduced  in  the  very  near  future 
by  the  development  of  aeroplanes. 

The  very  name  "  battle  cruiser  "  is  a  contradiction  in  terms, 
and  the  type  is  far  from  fixed.  The  weight  which  the}'-  carry  in 
the  form  of  protection  is  largely  wasted,  since  it  affords  wholly 
inadequate  protection,  and  if  this  type  is  further  developed  along 
logical  lines  we  may  expect  to  see  a  great  increase  of  size  with 
protection  brought  up  to  that  of  the  battleship  or  an  abandonment 
of  protection  along  the  lines  forecasted  by  Admiral  Bacon. 


THE  STRUCTURAL  COMPOSITION  AND  PHYSICAL 
PROPERTIES   OF   STEEL. 

BY 

ALBERT   SAUVEUR, 

Professor  of  Metallurgy  and      etallography  in  Harvard  University. 
STRUCTURAL    COMPOSITION    OF    SLOWLY    COOLED    STEEL. 

Bearing  in  mind  that  hypo-eutectoid  steel  is  composed  of 
free  ferrite  and  pearlite  and  that  hyper-eutectoid  steel  consists 
of  free  cementite  and  pearlite,  and  knowing  the  proportion  of 
carbon  in  peadite  (0.85  per  cent.)  and  in  cementite  (6.67  per 
cent.),  the  structural  composition  of  any  steel  may  be  readily 
calculated,  provided  we  know  the  percentage  of  carbon  it  con- 
tains. 

In  case  of  hypo-eutectoid  steel  we  have  the  following  equa- 
tions : 

(i)     F  +  P=  100 

100 

in  which  F  represents  the  percentage  of  free  ferrite  in  the  steel, 
P  the  percentage  of  pearlite,  E  the  percentage  of  carbon  in  pearl- 
ite, and  C  the  percentage  of  carbon  in  the  steel.  The  first  equation 
expresses  the  fact  that  the  steel  is  composed  of  ferrite  and 
pearlite,  and  the  second  equation  the  fact  that  all  the  carbon 
in  the  steel  is  included  in  the  pearlite.  Assuming,  for  instance, 
that  pearlite  contains  0.85  per  cent,  carbon  and  the  steel  0.50 
per  cent,  carbon,  the  resolution  of  these  two  equations  indicates 
that  steel  of  that  grade  has  the  following  structural  composition : 

F  =  per  cent,  free  ferrite  =  41.8. 
P  =  per  cent,  pearlite  =  58.2. 

In  case  of  hyper-eutectoid  steel  the  following  two  equations 
may  be  written : 

(i)  P  +  Cm  =100 
100  100 


lich  P  represents  the  percentage  of  pearlite,  Cm  the  per- 
^e  of  free  cementite,  E  the  percentage  of  carbon  in  pear- 
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lite,  C  the  percentage  of  carbon  in  the  steel.  The  first  equa- 
tion expresses  the  fact  that  hyper-eutectoid  steel  is  composed 
of  pearlite  and  free  cementite,  and  the  second  the  fact  that  the 
carbon  in  the  steel  is  distributed  between  the  pearlite  and  the 
free  cementite,  forming  E  per  cent,  of  the  pearlite  and  6.67  per 
cent,  of  the  cementite.  Assuming  the  value  of  E  to  be  0.85  and 
the  steel  to  contain  1.25  per  cent,  carbon,  these  equations  give 
for  a  steel  of  that  grade : 

P  =  per  cent,  pearlite  =  93 

Cm  =  per  cent,  free  cementite  =  7 

Supposing  that  pearlite  or  eutectoid  steel  contains  0.85  per 
cent,  carbon,  since  the  whole  of  that  carbon  is  present  in  the 
cementite  plates  of  pearlite,  and  since  cementite  contains  6.67 
per  cent,  carbon  (as  called  for  by  its  chemical  formula,  FcgC), 
the  percentage  of  cementite  in  pearlite  may  be  readily  calculated 
as  follows : 

6.67 

X  per  cent,  cementite  =  0.85 

100 

hence,  per  cent,  cementite  =  0.8^  X  ^  ^     =  12.74 

6.67 

and  per  cent,  ferrite  =  100  —  12.74  =  87.26, 

or,  roughly,  i  part  by  weight  of  cementite  to  6.6  parts  by  weight 
of  ferrite. 

If  it  be  considered,  however,  (i)  that  the  exact  carbon  con- 
tent of  pearlite  is  not,  and  hardly  can  be,  known,  (2)  that  it 
varies  somewhat  both  with  composition  and  treatment,  and  (3) 
that  in  commercial  steel  it  is  probably  not  far  from  0.85  per 
cent.,  we  are  fully  warranted  to  assume,  for  the  sake  of  the 
great  simplicity  it  introduces  in  the  calculations,  tha-t  pearlite 
contains  exactly  i  part  by  weight  of  cementite  to  7  parts  by 
weight  of  ferrite,  which  would  be  the  case  if  the  eutectoid  point 
corresponded  to  0.834  per  cent,  carbon,  as  indicated  below : 

I  part  cementite  +  7  parts  ferrite  yields  8  parts  pearlite 
or  12.50  per  cent,  cementite  +  87.50  per  cent, 
ferrite  =  100  percent,  pearlite; 

and  since  cementite  contains  6.67  per  cent,  carbon,  12.50  per 
cent,    cementite    will    contain    6.67  X  .12.50=  .834    per    cent. 
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carbon.  Assuming,  then,  that  such  is  the  carbon  content  of 
eutectoid  steel,  so  that  i  part  of  cementite  gives  exactly  8  parts 
by  weight  of  pearlite,  and  noting  that  the  carbon  in  the  steel 
produces  exactly  15  times  its  own  weight  of  cementite,^  the  cal- 
culation of  the  structural  composition  of  any  steel  becomes  ex- 
tremely simple. 

In  case  of  h3^po-eutectoid  steel  (steel  containing  less  than 
0.834  per  cent,  carbon)   we  have 

per  cent,  total  cementite  =  per  cent,  total  carbon  X  15 
and  per  cent,  pearlite  =  per  cent,  total  cementite  X  8; 

or,  more  simply, 

per.  cent,  pearlite  =  per  cent,  carbon  X  120 
i.e.,  P  =  120  C 

and,  of  course,  per  cent.   ferrite  =  -F=  100  —  P. 

With  hyper-eutectoid  steel  (steel  containing  more  than  0.834 
per  cent,  carbon)  the  figuring  is  as  follows: 

Since  8  parts  of  pearlite  contain  7  parts  of  ferrite  and  since 
in  hyper-eutectoid  steel  the  totality  of  the  ferrite  (total  ferrite) 
is  included  in  the  pearlite  f there  being  no  free  ferrite),  we  have 

per  cent,  pearlite  =  P  =  f  total  ferrite 

or,  since  toial  ferrite  =  100  —  total  cementite, 

P  =  |  (100  —  total  cementite). 

But  total  cementite  =  carbon  X  15,  hence 

P  =  f  (100  —  15  C) 

„      800 —  120  c 
or  P  = 

7 

and,  of  course,  free  cementite  =  Cwi  =  100 — P. 

Summing  up,  in  order  to  find  the  percentage  of  pearlite  in 
hypo-eutectoid  steel  it  will  suffice  to  multiply  its  carbon  con- 
tent by  120  (P=i20  C).  the  balance  of  the  steel,  consisting. 
of  course,  of  free  ferrite  (F=ioo  —  P)  ;  to  find  the  percentage 

•This  follows  from  the  composition  of  FcgC  indicated  by  the  atomic 
weights  of  iron  and  carbon  : 

(3  X  sfi"!  Iron  +12  Carbon  =180  FcjC 

T  Rr\ 

hence  one  part  carbon  produces  —  =15  parts  Fe^C  or  cementite. 
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of  pearlite  in  hyper-eutectoid  steel,  the  percentage  of  carbon  in 
the  steel  should  be  substituted  for  C  in  the  formula : 

„      800 — 120  C 


and  the  balance  of  the  steel  will  be  made  up  of  free  cementite 
(Cm=  100  —  P). 

Taking,  for  instance,  a  steel  containing  0.50  per  cent,  car- 
bon, its  structural  composition  will  be: 

120  X  0.50  =  60  per  cent,  pearlite,  and 
loo- — 60  =  40  per  cent,  ferrite. 

If  a  steel  contains   1.25  per  cent,  carbon  the  resulting  per- 
centage of  pearlite  will  be 

800  —  120  X  1-25, 


7 

or     nearly    93     per    cent.,     and     the     free     cementite     (Cm), 
100  —  93=^7  per  cent. 

CHEMICAL  vs.   STRUCTURAL  COMPOSITION. 

Disregarding  the  existence  of  impurities,  the  ultimate  analy- 
sis of  steel  reveals  the  presence  of  so  much  carbon  and  so  much 
iron.  The  proximate  chemical  analysis  of  steel  reveals  (in  steel 
slowly  cooled  from  a  high  temperature)  the  presence  of  so  much 
iron  and  so  much  carbide  of  iron,  FcgC.  In  a  similar  way  we 
may  consider  two  different  structural  compositions,  an  ultimate 
and  a  proximate  one.  The  ultimate  structural  composition  re- 
veals the  presence  of  so  much  total  ferrite  and  so  much  total 
cementite,  while  the  proximate  structural  composition  informs 
us  of  the  percentages  of  pearlite,  free  ferrite,  and  free  cemen- 
tite in  the  steel.  It  will  be  evident  that  the  chemical  proximate 
composition  is  identical  to  the  ultimate  structural  composition, 
the  names  of  the  constituents  only  being  different — iron  and 
carbide  in  the  first  case,  ferrite  and  cementite  in  the  latter. 

These  various  compositions  are  tabulated  below : 

Constituents. 

Chemical  Composition      /ultimate:  Fe  C 

'  I  proximate:  Fe  Fe^  C 

Structural  Composition     |  ultimate :  total  ferrite         total  cenientite 

^  I  proximate:  pearlite  free   femte,  free  cemen- 

tite. 
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It  is  apparent  that  the  proximate  structural  composition 
affords  more  valuable  information  than  is  obtainable  through 
the  other  three  kinds  of  analyses,  for  not  only  does  it  indicate 
the  chemical  nature  of  the  proximate  constituents  but  also  their 
structural  association  and  occurrence,  upon  which  depend,  to  a 
very  great  extent,  the  physical  properties  of  steel. 


The  structural  composition,  both  ultimate  and  proximate, 
of  slowly  cooled  steel  is  shown  diagrammatically  in  Fig.  i, 
which  will  be  readily  understood.  ABC  represents  the  free 
ferrite  in  hypo-eutectoid  steel,  ACD  the  pearlite  in  hypo-eutec- 
toid  steel,  DCEF  the  pearlite  in  hyper-eutectoid  steel,  DFG  the 
free  cementite  in  hyper-eutectoid  steel,  ABEH  the  total  ferrite 
in  any  steel,  AHG  the  total  cementite  in  any  steel,  AC  EH  the 
pearlite-ferrite  in  any  steel,  and  AHFD  the  pearlite  cementite 
in  anv  steel. 
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PHYSICAL    PROPERTIES    OF   THE   STRUCTURAL    CONSTITUENTS  * 

OF    STEEL. 

It  will  be  evident  that  the  physical  properties  of  commercial 
ferrite  must  resemble  closely  those  of  wrought  iron  and  of  very 
low  carbon  steel.  Ferrite,  therefore,  is  very  soft,  very  ductile, 
and  relatively  weak,  having  a  ductility  corresponding  to  an 
elongation  of  at  least  40  per  cent,  and  a  tensile  strength  of  some 
50,000  pounds  per  square  inch.  It  is  magnetic,  has  a  high  elec- 
tric conductivity,  and  is  deprived  of  hardening  power,  indus- 
trially speaking  at  least,  since  carbonless  iron  cannot  be  mate- 
rially hardened  by  rapid  cooling  from  a  high  temperature. 

The  properties  of  pearlite  are  evidently  those  of  eutectoid 
steel  in  its  normal — i.e.,  pearlitic — condition,  from  which  we 
may  infer  that  pearlite  has  a  tenacity  of  some  125,000  pounds 
per  square  inch,  an  elongation  of  some  10  per  cent.,  that  it  is 
hard,  and  that  it  possesses  maximum  hardening  power. 

With  the  exception  of  its  very  great  hardness,  little  is  posi- 
tively known  as  to  the  physical  properties  of  cementite.  It  may 
be  assumed,  however,  that  so  hard  and  brittle  a  substance  must 
greatly  lack  tenacity.  Its  tensile  strength  probably  does  not 
exceed  5,000  pounds  per  square  inch,  and  may  be  considerably 
less,  while  its  ductility  must  be  practically  nil.  It  possesses  no 
hardening  power. 

These  properties  of  the  constituents  of  steel  in  its  normal 
condition  are  tabulated  below : 


Constituents 

Tensile  strength, 
pounds  per  sq.  in. 

Elongation, 
per  cent  in  2  in. 

Hardness 

Hardening 
power 

Ferrite 

50,000  ± 
125,000  it 
5,000  (?) 

40  it 

10  it 

0 

Soft 
Hard 
Very  hard 

None 

Pearlite 

Maximum 

Cementite 

None 

TENACITY  OF  STEEL  VS.    ITS  STRUCTURAL   COMPOSITION. 

Knowing  the  physical  properties  of  the  three  constituents  of 
steel,  it  should  be  possible  to  foretell  with  some  degree  of  accu- 
racy the  physical  properties  of  any  steel  of  known  structural 
composition,  on  the  reasonable  assumption  that  these  constit- 
uents impart  to  the  steel  their  own  physical  properties  in  a  degree 
proportional  to  the  amounts  in  which  they  are  present.     The 
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properties  of  steel  made  up,  for  instance,  of  50  per  cent,  ferrite 
and  50  per  cent,  pearlite  should  be  the  means  of  the  properties 
of  ferrite  and  of  pearlite.  Let  us  assume  such  reasoning  to  be 
correct,  and  let  us  apply  it  to  the  tensile  strength,  first  of  hypo- 
eutectoid  steel  and  then  of  hyper-eutectoid  steel. 

The  tensile  strength  (T)  of  any  hypo-eutectoid  steel  will 
be  expressed  by  the  following  formula  in  function  of  its  struc- 
tural composition;  that  is,  in  function  of  the  percentages  of  fer- 
rite (F)  and  pearlite  (P)  which  it  contains: 

_  50,000    F -h  125,000   P 
100 

in  which  50,000  represents  the  tensile  strength  of   ferrite  and 
125,000  the  tensile  strength  of  pearlite. 
Or  simplifying: 

r=  500  /?+  1250  P 

or  again  in  terms  of  pearlite  alone,  since  F^  100  —  P 

T  =  500  (100  P)  +  1250  P 
or  r  =  50,000  +  750  P 

or  finally,  in  terms  of  carbon,  since  P=  120  C 
T  —  50,000  +  90,000  C 

On  applying  this  simple  formula  to  steels  containing  respec- 
tively o.io,  0.25,  and  0.50  per  cent,  carbon,  we  find  for  these 
metals  tensile  strengths,  respectively,  of  59,000,  72,500,  and 
95,000  pounds  per  square  inch.  These  values  agree  closely  with 
our  knowledge  of  the  average  tenacity  of  such  steels  when  in  a 
pearlitic  condition,  and  prove  the  value  of  the  formula  derived 
from  the  considerations  outlined  above  as  to  the  relation  existing 
between  the  physical  properties  of  steel  and  its  structural  com- 
position. It  should  be  borne  in  mind  that  in  working  out  this 
formula  it  has  been  assumed  that  pearlite  contains  0.834  per 
cent,  carbon. 

The  values  obtained  for  various  eutectoid  steel  should  be 
accurate  only  for  steel  in  its  pearlitic  condition.  It  should  be 
noted,  however,  that  steels  forged  and  finished  at  a  fairly  high 
temperature  are  practically  in  this  condition,  so  that  the  formula 
mav  be  used,  and  fair  results  expected,  to  calculate  the  tensile 
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strength  of  such  hot  forged  steels.  If  the  steel  be  forged  until 
its  temperature  is  quite  low,  and  especially  if  it  be  cold  worked, 
it  is  well  known  that  its  tensile  strength  is  generally  increased. 
Neither  can  the  formula  be  used,  of  course,  in  the  case  of  hard- 
ened steel  or  of  steel  castings.  It  may,  however,  be  applied 
to  steel  castings  which  have  been  properly  annealed,  when  the 
tensile  strength  may  be  brought  up  to  the  level  of  steel  forgings 
finished  fairly  hot. 

Again,  the  formula  is  of  value  only  in  case  of  commercial 
steels  containing  the  usual  proportions  of  impurities,  especially 
of  manganese.  It  applies  only  to  steels  in  which  the  percentage 
of  manganese  varies  roughly  with  the  carbon  content  frorn  some 
0.20  to  0.80  per  cent.  The  presence  of  a  larger  proportion  of 
manganese  would  increase  the  tenacity  materially. 

Passing  to  the  tensile  strength  of  hyper-eutectoid  steel,  our 
ignorance  as  to  the  tenacity  of  cementite  does  not  permit  the 
writing  of  a  formula  with  the  same  degree  of  confidence.  Let 
us  assume,  tentatively,  however,  that  cementite  has  a  tensile 
strength  of  5,000  pounds  per  square  inch,  and  then  proceed  as 
we  did  in  the  case  of  hypo-eutectoid  steel. 

The  tensile  strength  of  any  hyper-eutectoid  steel  may  be  ex- 
pressed by  the  following  formula  in  terms  of  the  percentages  of 
pearlite  (F)   and  cementite  (Cm)  which  it  contains: 

„  ^  125,000  P  +  5000  Cm 
100 

or  simplifying 

r  =  1250  P  +  50  Cm 

or,  in  terms  of  pearlite  only,  since  C;«=  100  —  P_, 

r  =  1250  P  +  100  (50  -  P) 
T  =  5000  +  1200  P 

or  since,  as  previously  shown, 

?oo  —  120  C 


P  = 


T  =  5000  +  1200 


7 
00  —  120  C 
7 


or  simplifying 

or  approximately  T=  142,000  —  20,600  C. 


^  995,000  —  144,000  C 
7 
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Applying  this  formula  to  steels  containing,  respectively,  1.25 
and  1.50  per  cent,  carbon,  we  find  for  their  respective  tensile 
strength  116,250  and  111,100  per  square  inch,  which  are  fair 
values  for  tlie  average  tenacity  of  pearlitic  steels  of  those  de- 
grees of  carburization. 

steel  of  maximum  strength. 

From  the  preceding  considerations  it  seems  evident  that 
eutectoid  steel  must  possess  maximum  tensile  strength,  since  the 
influence  of  the  presence  of  ever  so  small  an  amount  of  free 
ferrite  in  hypo-eutectoid  steel  or  of  free  cementite  in  hyper- 
eutectoid  steel  must  necessarily  be  a  weakening  one,  because  of 
the  relative  Weakness  of  free  ferrite  and  free  cementite  as  com- 
pared to  the  strength  of  pearlite.  By  most  writers,  on  the  other 
hand,  steel  of  maximum  tenacity  is  often  stated  to  contain  in 
the  vicinity  of  i  per  cent,  carbon — that  is,  to  be  slightly  hyper- 
eutectoid. 

It  is  not  clear,  however,  that  the  results  upon  which  the  state- 
ment is  based  were  obtained  in  testing  steel  in  its  pearlitic  con- 
dition. On  the  contrary,  it  seems  probable  that  a  large  number 
of  the  steels  tested  were  in  a  sorbitic  rather  than  in  a  pearlitic 
condition  because  of  relatively  quick  cooling  through  the  crit- 
ical range.  And,  while  it  appears  that  pearlitic  steel  must  have 
its  maximum  tenacity  when  composed  entirely  of  pearlite,  it 
may  well  be  that  when  in  a  sorbitic  condition  maximum  strength 
corresponds  to  a  higher  degree  of  carburization — i.e.,  i  per 
cent. — because  sorbite  may  contain,  and  indeed  often  does  con- 
tain, more  carbon  than  pearlite.  Indeed,  the  cases  on  record 
show^  that  when  the  steels  were  made  pearlitic  through  very 
slow  cooling  maximum  tenacitv  corresponds  closely  to  the  eutec- 
toid composition.  Arnold,  for  instance,  tested  a  series  of  very 
pure  carbon  steel  and  after  slow  cooling  in  the  furnace  from 
1,000°  C.  he  found  a  verv  sharp  maximum  in  the  tenacity  cor- 
responding to  0.89  per  cent,  carbon.  On  cooling  these  same 
steels  in  air,  on  the  contrary,  and  therefore  making  them  sor- 
bitic, maximum  tenacity  corresponded  to  1.20  per  cent,  carbon. 
Harbord  likewise  ascertained  the  tenacity  of  very  pure  steels, 
and  found  that  after  slow  cooling  (in  the  furnace)   from  900° 
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C.  the  maximum  tenacity  corresponded  to  0.947  per  cent, 
carbon. 

DUCTILITY    OF    STEEL    VS.    ITS    STRUCTURAL    COMPOSITION. 

From  the  known  ductility,  as  expressed  by  its  elongation 
under  tension,  of  ferrite  and  the  known  elongation  of  pearlite, 
respectively  40  and  10  per  cent,  in  two  inches,  it  should  be  pos- 
sible to  work  out  a  formula  expressing  the  ductility  of  any  hypo- 
eutectoid  steel  in  the  annealed  (pearlitic)  condition.  In  terms 
of  ferrite  and  pearlite  the  ductility  should  be 

^  ^  40  F+  loP 
100 
or  simplifying, 

D  =  .4  Fx.i  P 

or,  in  terms  of  pearlite  alone,  since  F  =  ioo  —  P, 

D  =  .4  (100  P)  X  .1  P  =  40  — .3P 

and  since  P==i20  C,  the  ductility  in  terms  of  carbon  will  be 

D  =  40  —  36  C 

Pearlitic  steels,  for  instance,  containing  0.25  and  0.50  per  cent, 
carbon  should  have  elongations,  respectively,  of  31  and  22  per 
cent. 

REDUCTION    OF    AREA    VS.    STRUCTURAL    COMPOSITION    OF    STEEL. 

In  a  similar  way  we  may  calculate  the  reduction  of  area  of 
any  slowly  cooled  {i.e.,  pearlitic)  hypo-eutectoid  steel,  on  the 
assumption  that  pearlite  has  a  reduction  of  area  of  15  per  cent, 
and  ferrite  a  reduction  of  60  per  cent.  The  reduction  of  any 
steel  will  then  be,  in  terms  of  ferrite  and  pearlite: 

100 

or,  in  terms  of  pearlite  alone,  since  F=  100  —  P, 

R  =  .6o    (100  — P)+.is   P  =  6o  — .4SP; 

or.  finally,  in  terms  of  carbon,  since  P^  120  C, 

i?  =  6o-54C. 
Pearlitic  steels,  for  instance,  containing  0.25  and  0.50  per  cent, 
carbon  should  have  reductions  of  area,  respectively,  of  46.5  and 
33  per  cent. 
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CIRCULAR    ON    REGULATIONS    FOR    ILLUMINATING    GAS. 

The  National  Bureau  of  Standards  has  just  issued  a  circu- 
lar entitled  "  State  and  Municipal  Regulations  for  the  Quality, 
Distribution,  and  Testing  of  Illuminating  Gas."  This  circular 
(133  pages,  unifonn  in  style  with  other  Bureau  circulars)  has 
been  prepared  after  conference  and  correspondence  with  a  large 
number  of  gas  engineers  and  inspectors;  and  it  represents,  as 
nearly  as  possible,  the  average  opinion  of  many  men  active  in 
the  field  of  gas  manufacture  and  gas  testing. 

Part  I  of  the  circular  gives  a  summary  of  the  municipal 
gas  ordinances  now  operative,  and  proposes  an  ordinance  largely 
compiled  from  the  best  ordinance  requirements  now  in  force. 

Part  II  treats  similarly  of  State  control  of  gas  companies, 
and  proposes  technical  rules  for  State  regulations. 

Part  III  quotes  a  few  ordinances  typical  of  those  recently 
enacted,  and  gives  the  main  portions  of  State  gas  laws  now  in 
force  affecting  gas  quality,  pressure,  and  meter  accuracy. 

The  circular  does  not  concern  itself  with  financial  regula- 
tions of  gas  companies,  nor  does  it  include  any  discussion  of 
the  comparative  value  of  various  methods  of  works  manage- 
ment. It  deals  mainly  with  the  candlepower,  heating  value, 
purity,  and  pressure  of  the  gas  and  gas-meter  testing. 

The  present  publication  has  grown  out  of  the  investigation  of 
the  methods  and  standards  employed  in  gas  photometry  and  gas 
calorimetr\%  undertaken  by  the  Bureau  three  years  ago.  A 
second  circular  on  the  methods  of  testing  employed  for  official 
inspection  work  is  now  being  prepared.  Although  it  cannot 
be  expected  that  the  regulations  for  or  methods  of  gas  testing 
will  ever  be  entirely  uniform  throughout  the  country,  it  is 
believed  that  if  the  results  of  a  comprehensive  investigation  of 
the  subject  are  published,  a  greater  uniformity  of  method,  and  in 
some  cases  more  accurate  measurements,  will  result 

The  attitude  of  the  Bureau  of  Standards  is  entirelv  advisory. 
and  its  intention  is  to  place  in  the  hands  of  the  technical  and 
general  public  an  impartial  and,  as  nearly  as  may  be,  an  accurate 
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summary  of  the  facts  which  must  be  considered  in  connection 
with  the  fixing  of  standards  of  quahty  and  the  testing  of 
illuminating  gas. 

Revision  of  the  circular  from  time  to  time  is  contemplated 
in  order  tO'  amend  the  recommendations  as  to  the  requirements 
to  adapt  it  to  new  developments  in  the  gas  industry. 

Copies  may  be  obtained  free  of  charge  by  addressing  The 
Director,  Bureau  of  Standards,  Washington,  D.  C. 


CORRECTION. 


SURFACE   COMBUSTION    (W.  A.   Bone). 

Lines    ii    and    12,    page    107    of    the   article   appearing   in 
February,  1912,  issue,  should  read  as  follows: 

"  activity  "  of  the  surface  may  be  greatly  stimulated  by  previous 
contact  with  the  combustible  gas,  and,  conversely,  may  be 
diminished  by  previous  contact  with  oxygen. 


American  Association  of  Refrigeration. — The  annual  meeting 
of  the  association  will  be  held  in  Washington,  D.  C,  on  May  6th  and 
7th.  The  sessions  are  to  be  held  in  the  New  Willard  Hotel,  and  at 
the  Bureau  of  Standards.  A  detailed  programme  is  in  preparation. 
Final  action  will  also  be  taken  at  this  meeting  in  reference  to  the 
plans  for  the  Third  International  Congress  of  Refrigeration. 

Settlement  of  the  Potash  Dispute.  {Board  of  Trade  Jour., 
Feb.  8,  1912.) — The  settlement  of  the  difference  between  the  United 
States  and  German  Governments  arising  out  of  the  application  of 
the  German  law  of  May,  1910,  as  to  the  disposal  of  potash  salts, 
provides  for  the  withdrawal  of  all  suits  in  United  States  courts 
involving  liability  for  the  payment  of  the  potash  tax  levied  by 
Germany;  for  the  assignment  to  the  German  Potash  Syndicate  of 
United  States  contracts  with  the  independent  mines ;  for  new 
contracts  with  the  Syndicate  covering  the  whole  of  the  United 
States  potash  requirements  on  a  price  basis  ($32.40  per  ton)  prac- 
tically the  same  as  that  prevailing  before  the  low  price  contracts 
were  obtained  from  the  independent  mines ;  and  for  the  re-entry 
of  the  independent  mines  into  the  Syndicate. 


FRANKLIN   INSTITUTE 


(Proceedings  of  the  Stated  Meeting  held   Wednesday,  April  17,  1912.) 

Hall  of  the  Franklin  Institute, 
Philadelphia,  April  17,  1912. 

Mr.  John  C.  Trautwine,  Jr.,  in  the  Chair. 

Additions  to  membership  since  last  report,  3. 

The  Chairman  announced  a  vacancy  on  the  Board  of  Managers.  Dr. 
George  D.  Rosengarten  was  nominated  and  the  Secretary  directed  to  cast 
the  ballot  of  the  meeting  for  the  nominee. 

The  following  proposed  amendment  to  the  By-Laws  was  presented  for 
first  reading: 

Article  XIII,  Section  i,  to  be  amended  by  striking  out  "and" 
in  3d  line,  and  adding  "June"  before  "July"  in  3d  line;  and 
adding  "  and  September  "  after  "  August  "  in  4th  line,  so  that  by-law, 
after  amendment,  will  read  as  follows,  the  new  matter  being 
in  italics : 

ARTICLE  XIII. 

Section  i. — "  The  Institute  shall  hold  stated  meetings 
on  the  third  Wednesday  of  each  month,  except  in  June, 
July,  August,  and  September.  That  on  the  third  Wednesday 
in  January  of  each  year  shall  be  the  annual  meeting." 

The  Chairman  then  introduced  Mr.  George  R.  Henderson,  Consulting 
Engineer  of  the  Baldwin  Locomotive  Works,  who  presented  the  paper  of 
the  evening,  entitled  "  Recent  Development  of  the  Locomotive." 

The  speaker  described  the  numerous  improvements  and  changes  which 
have  been  made  in  locomotives  during  the  past  several  years,  referring 
especially  to  their  size  and  power  and  improved  details  of  construction. 

Numerous  lantern  slides  of  the  various  types  of  engines  were  shown, 
and  the  modifications  which  have  been  made  from  time  to  time  were 
pointed  out. 

A  brief  discussion  followed  the  paper,  in  which  Messrs.  Eaton,  Wright, 
Warner,  and  others  participated. 

On  motion,  duly  seconded,  the  thanks  of  the  meeting  were  extended  to 
the  speaker. 

R.  B.  Owens, 
Secretary. 
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ANNUAL  REPORT  OF  THE  DIRECTOR  OF  THE 

SCHOOL   OF  MECHANIC   ARTS   OF  THE 

FRANKLIN  INSTITUTE  FOR  THE 

SEASON    1911-1912. 

The  School  of  Mechanic  Arts  has  shown,  this  season,  a  marked  advance 
in  every  direction — in  the  number  of  students  enrolled,  in  the  regularity 
of  their  attendance,  in  the  seriousness  of  their  work,  in  the  appreciation  of 
the  opportunities  presented  to  them,  and  in  the  results  they  have  accomplished. 

The  total  number  of  students  registered  this  year  was  292.  Of  these 
l63  were  enrolled  in  the  Department  of  Drawing,  68  in  the  Department  of 
Mathematics,  34  in  the  Department  of  Mechanics,  and  22  in  the  School  of 
Naval  Architecture.     The  number  of  students  registered  last  year  was  232. 

The  schedule  adopted  in  1909  having  been  found  toi  meet  the  require- 
ments of  the  students  to  an  extent  only  limited  by  the  present  capacity  of 
the  school  buildings,  the  work  was  again  carried  out  on  the  lines  then  laid 
down.  That  a  continuance  of  the  plan  being  followed  is  fully  justified  is 
shown  in  the  results  obtained  this  year. 

The  success  of  the  season  has  been  due  to  the  co-operation  of  my  asso- 
ciates in  the  faculty:  Messrs.  Wm.  E.  Bullock,  H.  C.  Towle,  Clement 
Remington,  H.  P.  Tyson,  I.  P.  Pedrick,  R.  R.  Umstead,  W.  W.  Twining, 
F.  H.  Lobb,  and  A.  T.  Klein,  to  whom  I  desire  to  express  my  appreciation. 

Wm.  H.  Thorne,  Director. 


\ 


The    following    students    having    satisfactorily    completed    a    two    years' 
course  are  awarded 

CERTIFICATES. 
Mechanical  Drawing. 

Roland  G.  Heppard 
John  A.  McDowell 
William   F.   Meixner 
Malcolm  V.  D.  Remington 
William  Rhodes 
Waldemar   Rival 
Juan  Tarin  Sanchez 


Raymond  West  Betts 
Edward  G.  Carpenter 
Clayton  Essex 
Clarence  Gaunt 
Leonard  Gutekunst 
Fred   Gutekunst 
George  C.  Gutekunst 


Architectural  Drawing. 
William  Bardsley  Eugene  Dear 

Dominic   Caruso  Merritt  Dodd 

Ara    S.    Pennewell 
Freehand  Drawing  and  Water  Color. 


Harry  E.  Donohue 
Theodore  A.  Nicholson 


Charles  F.  Carman 
Arthur  C.  Chancellor 
Jeremiah  DriscoU 
Albert  B.  Kurz 
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H.   Walter  Stevenson 
John  Zimmerman 

Mathematics. 

Benjamin  F.  Lees 
Harry  L.  Lees 
William  Meinel 
Leon    F.    Roemer 
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Robert  J.  Heiserman 

LeRoy  V.  Calhoun 
S.   B.   Furstenau 
Fred  J.  Howard 


Mechanics. 

Warren  M.  Stone 
Naval   Architecture. 

Ambrose  H.  McDade 
Frank  H.   Sauer 
Joseph  W.  Thompson 


HONORABLE  MENTION. 

For  their  interest,  industry  and  success  during  the  season,  the  following 
students  receive  certificates  of  Honorable  Mention : 

Department  of  Drawing. 

Junior  Mechanical   Class. 
Winter   Term. 


Clifford  Bach 
Leo  J.  Botteicher 
Roger  D.  Eastlake 
Karl   Fichtner 
Harry   Froehlick 
Harold  T.  Hall 


John  B.  Craig 


Benjamin  Halpern 
James  R.  Leacock 
R.  Lehman  Margerum 
George  L.  McGuigan 
Lyle  L.   Quail 
Louis  C.  Schubert 
William  J.  Wear,  Jr. 

Spring  Term. 

Benjamin  Bemhard   Lubarsky 
Fred  Reed 

Intermediate  Mechanical  Class. 
Winter   Term. 


Edward  C.  W.  Craven 
John  W.  Cunningham 
Robert  N.  Hudson 


Norman  A.  Beetham 
Fred  J.  Benz 
Charles  F.  Carman 
Jonathan   Cleaver 
John  W.  Cunningham 
Norman  Derby 
Rowland  G.  Dietz 
Karl  Fichtner 
Benjamin  Halpern 


Clayton  Essex 
Clarence  Gaunt 
Leonard  Gutekunst 


Herbert  Jayes 
John  D.  Masterson 
John   A.    McDowell 
Juan  Tarin  Sanchez 

Spring  Term. 

James   R.  Leacock 
R.  Lehman  Margerum 
David  Paul  Masserott 
Thomas  Morrissey 
Lyle  L.   Quail 
George  P.  Read 
Louis  C.  Schubert 
William  J.  Wear,  Jr. 
John  Weber 

Senior  Mechanical  Class. 
Winter   Term. 

Malcolm  V.  D.  Remington 
William  Rhodes 
Waldemar  Rival 
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Edward  C.  W.  Craven 
Fred   Gutekunst 


William  Bardsley 
John  T.  Bauer 
Merritt  Dodd 


William  Bardsley 
Dominic  Caruso 
Harry  T.  Godfrey 


Theodore  A.  Nicholson 


William  H.  Cameron 
Sophie  CoUes 


Howard  G.  Balz 
Otto  Roeder 


Howard  G.  Balz 
Benjamin  Halpern 


C.  H.  Becker 
Earle  G.  Hall 


Earle  G.  Hall 
Albert  B.  Kurz 
William  Meinel 


Spring  Term. 

Malcolm  V.  D.  Remington 
Juan  Tarin  Sanchez 
Herbert   Jayes 

Architectural  Class. 
Winter   Term. 

Harry  T.  Godfrey 
Timothy  McCarthy 
J.  Albert  Raith 
Edgar   Worley. 

Spring  Term. 

George  Howard  Kelly 
Frederick  H.  Stigale 
Robert  E.   Swiler 
Walter  T.  Teichman 

Freehand  Class. 
Winter   Term. 

H.   Walter  Stevenson 
John    Zimmerman 

Spring  Term. 

H.  Walter  Stevenson 
Theodore  A.  Nicholson 

Department  of  Mathematics. 

Algebra. 

Winter   Term. 

August  G.  Schweizer 
Richard   Warren 

Spring  Term. 

Richard  M.  Warren 
Louis  G.  Zelson 

Plane  Geometry. 
Winter   Term. 

Albert  B.  Kurz 
William  Meinel 
William   Rhodes 

Trigonometry. 
Spring  Term. 

William  Rhodes 
Leon   F.    Roemer 
Ernest  Steel 
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Department  of  Mechanics. 

Applied  Mechanics  and  Strength  of  Materials. 

Winter   Term. 

John  L.  Dugan 
Samuel  E.  Hart 


Joseph  M.  Barnes 
Clarence  E.  Bullinger 


Clarence  E.   Bullinger 


Robert  J.  Heiserman 


Edwin  Baker 
Richard  L.  Burke 


LeRoy  V.  Calhoun 


Richard  L.   Burke 
Asbjoin  Drangeid 


Machine    Design. 
Spring  Term. 

Milton  G.   Cundey 
Eaton   Burrows. 

Structural  Design. 
Spring  Term. 

Carroll  Shaw 
Norman   S.  Snyder. 

School  of   Naval  Architecture. 
Winter  Term. 
Junior   Year. 

Samuel  H.  Carter 
Asbjoin  Drangeid 

Senior  Year. 

Joseph  W.  Thompson 

Spring  Term. 

Junior  Y'^ear. 

Samuel  H.  Carter 
M.  P.  Gregg 

Senior  Year. 
Joseph  W.  Thompson 


In  the  Department  of  Drawing,  Scholarships  from  the  B.  H.  Bartol 
Fund  were  awarded  in  the  Winter  Term  to  the  following  students,  who 
now  receive  Bartol  certificates : 


Merritt  Dodd 
Clayton  Essex 
Harry  T.  Godfrey 


Herbert  Jayes 
R.  Lehman  Margerum 
Lyle  L.  Quail 
John  Zimmerman 


The  following  students  are  awarded   Scholarships  in  the  Spring  Term 
and    now    receive    Bartol    certificates : 


Sophie  Colles 
John  W.  Cunningham 
James  R.  Leacock 
Lyle  L.  Quail 


Fred  Reed 

Malcolm  V.  D.  Remington 
Frederick  H.   Stigale 
Walter  T.  Teichman 


5i6  Sections. 

COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

(Abstract  of  Proceedings  of  Stated  Meeting  held  Wednesday,  April  3,  19 12.) 

Hall  of  the  Franklin  Institute, 
Philadelphia,  April  3,   1912. 

Dr.  George  A.  Hoadley  in  the  Chair. 

The  following  report  was  presented   for  final  action : 

No.  251 1. — Karn's  Tunneling  Machine.     Longstreth  Award.     Adopted. 

The  following  reports  were  presented  for  first  reading : 

No.  2383. — Downe's  Asbestos-covered  Magnet  Wire. 

No.  2508. — Turner's  Air-Brake  Improvements. 

No.  2514. — Kennicott  Water  Weigher.  R.  B.  Owens, 

Secretary. 


SECTIONS. 


Section  of  Physics  and  Chemistry. — A  joint  meeting  of  the  Section  of 
Physics  and  Chemistry  and  the  Philadelphia  Section  of  the  American 
Chemical  Society  was  held  in  the  Hall  of  the  Institute  on  Thursday, 
March  28,  1912,  at  8  o'clock  p.m.,  with  Dr.  Harry  F.  Keller  in  the  chair. 

One  hundred  and  forty  members  and  visitors  were  present. 

The  reading  of  the  minutes  was  dispensed  with. 

Dr.  R.  B.  Moore,  of  Washington,  D.  C,  delivered  a  lecture  on  "  The 
History,  Properties,  Preparation,  and  Uses  of  the  Rare  Gases."  The  rare 
gases  of  the  atmosphere  and  the  emanations  of  the  radio-active  elements 
were  discussed.  The  lecture  was  accompanied  by  experiments  illustrating 
the  preparation  of  the  rare  gases  from  the  air,  the  spectrum  of  each  gas  in 
the  pure  state,  and  the  detection  of  emanation  by  means  of  the  electroscope. 

A  vote  of  thanks  was  tendered  Dr.  Moore,  and  the  meeting  adjourned. 

Joseph  S.  Hepburn, 
Secretary. 

Mechanical  and  Engineering  Section. — A  meeting  of  the  Section  was 
held  on  Thursday  evening,  April  4,  1912,  at  8  o'clock.  Mr.  George  R. 
Henderson,  Chairman. 

The  minutes  of  the  previous  meeting  were  approved  as  printed  in  the 
Journal. 

The  Chairman  then  introduced  Mr.  Walter  V.  Turner,  Chief  Engineer 
of  the  Westinghouse  Air-Brake  Company,  who  presented  an  interesting 
communication  on  "  Electropneumatics  as  Applied  to  Train  Control." 

The  recent  advances  in  the  use  of  electricity  as  an  adjunct  to  the  air- 
brake were  fully  described,  and  the  various  details  of  modern  air-brake 
equipment  and  its  control  were  shown  by  means  of  numerous  lantern  slides. 

The  thanks  of  the  meeting  were  extended  to  Mr.  Turner. 

Adjourned.  R.  B.  Owens, 

Secretary. 
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Section  of  Mining  and  Metallurgy. — A  special  meeting  of  the  Section 
was  held  on  Tuesday,  April  9,  1912.    Mr.  Louis  E.  Levy  in  the  chair. 

A  communication  on  natural  gas  was  presented  by  Mr.  L  N.  Knapp, 
Consulting  Engineer  of  Philadelphia. 

After  an  historical  sketch  of  the  occurrence  of  natural  gas  in  various 
parts  of  the  world  and  its  surface  indications,  the  several  theories  of  its 
origin  were  considered.  The  geological  features  of  natural  gas  regions 
were  pointed  out,  and  statistics  of  production  for  various  periods  were 
presented.  The  subject  was  illustrated  by  many  lantern  slides  taken  from 
original  photographs  made  by  the  speaker. 

The  Chairman  conveyed  the  thanks  of  the  Section  to  Mr.  Knapp,  and 
the  meeting  adjourned.  R.  B.  Owens, 

Secretary. 

Section  of  Physics  and  Chemistry. — The  stated  meeting  of  the  Section 
was  held  in  the  Hall  of  the  Institute  on  Thursday,  April  11,  1912,  at 
8  P.M.,  with  Dr.  Robert  H.  Bradbury,  President  of  the  Section,  in  the  chair. 
One  hundred  members  and  visitors  were  present.  The  minutes  of  the 
meetings  of  January  4th  and  March  28th  were  approved  as  read. 

Dr.  Harry  F.  Keller,  Professor  of  Chemistry  and  Head  of  the  Department 
of  Science  in  the  Central  High  School  of  Philadelphia,  delivered  an  address 
on  "  Platinum,"  in  which  he  discussed  the  history,  geology,  mode  of 
pccurrence,  extraction,  purification,  metallurgy,  properties,  and  uses  of  that 
metal.  Statistics  concerning  the  production  and  value  of  platinums  were 
given,   and  certain   substitutes   for  platinum  were  described. 

The  lecture  was  illustrated  by  means  of  lantern  slides,  and  of  specimens 
of  native  and  refined  platinum,  sperrylite,  the  native  arsenide  of  platinum, 
platinum   salts,    and   platinum-clad   nickel-steel    wire. 

A  vote  of  thanks  was  extended  to  Dr.  Keller,  the  paper  was  discussed, 
and  the  meeting  adjourned. 

Joseph    S.   Hepburn, 

Secretary. 


MEMBERSHIP  NOTES. 
Elections  to  Membership. 

resident. 
Mr.  Joseph  Harrison  Eastwick,  6306  Overbrook  Avenue,  Overbrook,  Pa. 

non-resident. 
Mr.  Harrold  Hibbert,  400  West  Ninth  Street,  Wilmington,  Del. 

ASSOCIATE. 

Mr.  Raymond  A.  Block,  2731  Cambridge  Street,  Philadelphia,  Pa. 
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Changes  of  Address. 

Mr.  Charles  A.  Lindstrom,  138  Stratford  Avenue,  Pittsburgh,  E.  E.,  Pa. 

Mr.  Jos.  B.  Rohrman,  Hammonton,  N.  J. 

Mr.  Harrison  D.  Stratton,  4301  Walnut  Street,  Philadelphia,  Pa. 

Mr.  W.  S.  Ellis,  Fox  Hill  Farm,  Bryn  Mawr  P.  O.,  Pa. 

Mr.  E.  p.  Borden,  421  Chestnut  Street,  Philadelphia,  Pa. 

Mr.  Walter  T.  Lee,  308  Rex  Avenue,  Chestnut  Hill,  Pa. 

Mr.  Charles  J.  Russel,  4522  Frankford  Avenue,  Philadelphia,  Pa. 

Mr.  F.  E.  Hayes,  Jr.,  900  Lincoln  Building,  Louisville,  Ky. 


NECROLOGY. 


Harrison  White  Biddle,  Esq.,  was  born  in  Washington,  D.  C,  May  16, 
1864,  and  died  in  Philadelphia,  March  30,  1912. 

Mr.  Biddle  was  educated  at  St.  Paul's  School,  Concord,  N.  H.,  and  the 
University  of  Pennsylvania,  receiving  the  degree  of  Bachelor  of  Arts  from 
the  latter  institution. 

He  was  a  member  of  numerous  clubs  and  other  organizations. 


Mr.  John  Wiegand,  1702  North  Twenty-first  Street,  Philadelphia,  Pa. 


Mr.  Albert  Shoenhut,  Adams  and  Sepviva  Streets,  Philadelphia,  Pa. 


LIBRARY  NOTES. 

Purchases. 


Hahns,  M.  p.  M. — Beschreibung  mechanischer  Kunstwerke,  1774. 
Thomson,  Sir  William. — Mathematical  and  Physical  Papers,  vols.  5  and  6, 

1911. 
Knott,  C.  G. — Life  and  Scientific  Work  of  Peter  Guthrie  Tait,  191 1. 
Richardson,  A. — The  Evolution  of  the  Parsons  Steam  Turbine,  191 1. 
Harbord,  F.  W.,  and  J.  W.  Hall. — The  Metallurgy  of  Steel,  2  volumes,  191 1. 
Weimarn,  p.  p.  von — Griindzuge  der  Dispersoidchemie,  191 1. 
Boyd,  J.  E. — Strength  of  Materials,  191 1. 

Fowler,    G.    L. — Forney's    Catechism   of   the    Locomotive,    191 1. 
Prelini,  C. — Dredges  and  Dredging,  191 1. 
Morrow,  J. — Steam  Turbine  Design,  191 1. 

Parkhurst,  F.  a. — Applied  Methods  of  Scientific  Management,  1912. 
Blanch ard,  A.  H.,  and  H.  B.  Drowne — Highway  Engineering,  191 1. 
Heck,  R.  C.  H. — The  Steam  Engine  and  Turbine,  191 1. 
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LoEWENSTEiN,  L.  C,  and  C.  P.  Crissey — Centrifugal  Pumps,  191 1. 

Brearley,  H. — The  Heat  Treatment  of  Tool  Steel,  191 1. 

Meier,  K. — Mechanics  of  Heating  and  Ventilating,  1912. 

Bird,  R.  M.,  ed. — Modern  Science  Reader,  191 1. 

Earle,  S.  C — The  Theory  and  Practice  of  Technical  Writing,  191 1. 

TiEMANN,  H.  P. — Iron  and  Steel,  1910. 

Baskerville,  C,  ed. — Municipal  Chemistry,  191 1. 

Gifts. 

Graphite,  vol.  13,   1911.     Jersey  City,   1911.      (From  Joseph  Dixon   Crucible 

Company.) 
Drexel  Institute,  Year-Book  of  the  Departments  and  Courses  of  Instruction, 

1911-12.     Philadelphia,  n.  d.     (From  the  Institute.) 
Temple    University,    Catalogue    1912-13.      Philadelphia,    1912.      (From    the 

University.) 
U.  S.  Interstate  Commerce  Commission,  23d  Annual  Report  of  the  Statistics 

of  Railways  in  the  United  States,   for  the  year   ending  June  30,    1910. 

Washington,  D.  C,  1912.     (From  the  Commission.) 
Piano  and  Organ  Purchaser's  Guide  for  1912,  compiled  by  John  C.  Freund. 

New  York,  1912.     (From  the  Music  Trades  Company.) 
Philadelphia  College  of  Physicians,  Transactions,  vol.  ^2>  1911.     Philadelphia, 

191 1.  (From  the  College.) 

Societe  des   Ingenieurs   Civils   de    France,    Annuaire   de    1912.     Paris,    1912. 

(From  the  Society.) 
Societe  de    Physique   et   D'Historie   Naturelle,    Geneve,    Compte   Rendu   des 

Seances,  vol.  38,  191 1.     Geneve,  1912.     (From  the  Society.) 
Michigan   State   Board  of  Agriculture,  50th  Annual  Report,  including  24th 

Annual  Report  of  the   Experiment   Station,    1910-1911.     Lansing,    1911. 

(From  the  Experiment  Station.) 
Institution  of  Naval  Architects,  Transactions,  vol.  53,  parts   i   and  2,   1911. 

London,  191 1.     (From  the  Institution.) 
Boiler  Explosions  Act  1882  and  1890,  28th  Annual  Report  upon  the  working 

of  the   act,    1909-1910.     London,    1911.      (From   the   Manchester    Steam 

Users'  Association.) 
Canada   Department   of   Trade   and    Commerce,    Report.      Part   3,    Canadian 

Trade  with  Foreign  Countries,  for  year  ended  March  31,  1911.     Ottawa, 

1912.  (From  the  Department.) 

Harvard    University    Official    Register,    Reports    of    the    President    and    the 

Treasurer,    1910-1911.      Cambridge,    1912.      (From    the    University.) 
Canada    Experimental    Farms,    Reports    for    year    ending    March    31,    191 1. 

Ottawa,  1911.     (From  the  Department  of  Agriculture.) 
New    York    Public    Service    Commission,    Proceedings,    vol.    6,    191 1.     New 

York,  n.  d.     (From  the  Commission.) 
Rose  Polytechnic  Institute,  30th  Annual  Catalogue,  1911-1912.     Terre  Haute, 

n.  d.     (From  the  Institute.) 
Great  Britain  Labour  Department,   Report   on   Trade  Unions   in   1908-1910. 

London,  1912.     (From  the  Department.) 
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McGill  University,  Annual  Report  of  the  Governors,  Principal  and  Fellows 
for  the  year  1910-1911.     Montreal,  n.  d.     (From  the  University.) 

Canadian  Society  of  Civil  Engineers,  Charter,  By-Laws  and  List  of  Mem- 
bers, 1912.    Montreal,  n.  d.     (From  the  Society.) 

U.  S.  Department  of  Commerce  and  Labor,  Bureau  of  Statistics,  Statistical 
Abstract  of  the  United  States,  No.  34,  191 1.  Washington,  1912.  (From 
the  Bureau.) 

Society  of  Naval  Architects  and  Marine  Engineers,  Transactions,  1911. 
Washington,  1912.     (From  the  Society.) 

Ontario  Department  of  Agriculture,  Report  of  Fruit  Branch,  191 1.  Toronto, 
1911.     (From  the  Department.) 


BOOK  NOTICES. 


Engineering  as  a  Vocation.  By  Ernest  McCullough,  C.E.  201  pages, 
8vo.  New  York,  David  Williams  Co.,  191 1.  Price,  in  cloth,  $1. 
This  work,  issued  in  1911,  as  its  title  indicates,  treats  in  a  general  way 
of  the  qualifications,  preparation  for  and  performance  of  the  duties  of 
engineers  in  the  numerous  branches  of  their  profession,  now  so  greatly 
diversified.  The  author,  although  a  civil  and  consulting  engineer,  gives 
good  general  advice  and  suggestions  covering  all  the  differentiations  of  the 
science,  and,  after  quoting  the  origin  of  the  name  and  its  definitions,  pro- 
ceeds in  the  first  chapters  to  define  the  man  and  his  evolution,  followed  by 
the  ancient  state   of  the  art  briefly  brought  to  date. 

In  the  third  chapter  there  may  be  room  for  honest  differences  of 
opinion  as  to  the  historic  development  of  the  profession.  On  page  20  it  is 
stated :  "  Hero  of  Alexandria  is  styled  the  first  engineer  recorded  in  history," 
and  yet  Hero's  period  was  about  284-221  B.  C,  while  the  "  Calendar  of 
Invention  and  Discovery "  states  that  Archimedes  was  known  as  "  The 
Father  of  Civil  Engineering " — ^born  at  Syracuse  about  287  B.  C,  died  212 
B.  C,  and  therefore  contemporaneous  with  Hero,  and  quite  as  famous.  In 
325  Aristotle  first  mentioned  diving  bells,  and  five  years  later  wrote  his 
Mathematics. 

But,  if  one  is  seeking  for  the  origin  of  engineering,  why  start  at  Hero 
and  ignore  the  great  works  of  the  Chaldaeans,  who,  in  a.m.  1775,  built  the 
great  Tower  of  Babel,  120  years  after  the  Deluge,  and  erected  the  great 
cities  of  Nineveh  and  Babylon,  with  their  immense  irrigation  works,  canals, 
Hanging  Gardens  and  palaces  under  Nimrod,  Belus  and  Semiramis,  or  why 
not  revert  to  the  Pyramids  of  Egypt,  which  have  weathered  more  than  4000 
years?  Or,  if  for  the  artificers  in  metal,  why  not  begin  with  Tubal  Cain, 
"an  instructor  in  every  artificer  in  brass  and  iron"  (a.m.  126),  or  to  Noah 
as  the  greatest  of  naval  architects? 

Again,  in  attempting  to  establish  the  origin  of  bridge  building  as  a 
science,  mention  is  made  of  Squire  Whipple's  "  Practical  Treatise "  of  1847 
and   "Haupt    (On   Bridge   Construction)    in    1851,"   but   the   latter   engineer 
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was  experimenting  years  before  he  could  find  a  publisher  willing  to  risk 
so  technical  a  work,  and  in  1840  he  "  discovered  a  method  of  Representing 
Strains  by  Geometrical  Solids;  Deflections  by  Parabolic  Areas;  and  the 
Variable  Pressures  at  Various  Parts  of  Beams  by  Corresponding  Ordinates 
of  Plane  Curves,"  and  the  same  year  patented  his  Improved  Lattice  Truss. 

The  author's  definition  of  the  electrical  engineer  is  unique,  since  he 
characterizes  him  as  "  being  a  cross  between  a  physicist  and  a  mechanical 
engineer,  having  a  marked  strain  of  conceit  common  to  youth;  the  elec- 
trical engineer  being  comparatively  an  infant."  Possibly  this  new  "  strain '' 
(of  conceit)  may  be  responsible  for  some  of  the  bold  freaks  of  all  engi- 
neers ending  in  failures  due  to  the  "  fatigue  of  metals  "  or  low  "  limits  of 
elasticity."  It  is,  however,  an  element  to  be  considered  in  the  man  as  an 
engineer. 

Of  waterways  and  docks  the  author  states  the  rules  have  not  much  changed 
in  the  past  century,  and  he  appears  to  believe  that  "  navigation  canals  have 
everywhere  given  way  to  railways,  except  where  interested  agitation  keeps 
alive  a  public  interest  in  old-fashioned  things."  "  A  few  are  kept  up  at 
enormous  expense  to  supposedly  act  as  a  deterrent  upon  railway  rates,  etc." 
Those  opinions  are  sufficiently  answered  by  the  views  of  some  of  the 
greatest  railway  presidents  and  managers  of  to-day,  as  expressed  at  the 
meetings  of  the  National  Waterways  Congress,  where  their  great  practical 
utility  is  amply  asserted.  This  vital  subject  cannot  be  discussed  in  this 
connection. 

The  author  incidentally  refers  to  the  influence  of  politics  in  the  con- 
struction of  highways  as  impairing  the  efficiency  of  the  work,  which  many 
engineers  deplore. 

Sixty  pages  are  given  to  an  analysis  of  the  methods  available  for  ac- 
quiring an  education  covering  a  period  of  sixteen  to  eighteen  years  in  some 
technical  schools  for  developing  specialists,  or  in  the  correspondence  schools 
for  self-trained  men,  with  notes  on  the  curriculum  and  valuable  hints  as  to 
standards   and   instructors. 

Another  chapter  is  devoted  to  the  Home  Study  Courses  for  men  who 
wish  to  increase  their  earning  capacity  by  night  work,  either  alone  or  in 
classes,  at  some  Y.  M.  C.  A.  or  other  institution,  but  the  author  prefers 
the  personal  contact  of  a  real  live  engineer  to  the  correspondence  methods. 
Certain  reference  books  are  given  with  their  prices. 

This  is  followed  by  diagrams  of  graphical  records  of  labor  costs  per 
unit  of  product  and  the  economics  of  shop  practice,  with  the  money  value  of 
a  technical  training,  accompanied  by  citations  from  special  cases  by  way 
of  illustration. 

Chapter  V  treats  of  "  How  to  Hunt  and  Hold  a  Job,"  giving  percentages 
of  men  in  some  of  the  subdivisions  of  their  profession,  the  largest,  20.2  per 
cent.,  being  consulting  engineers.  It  also  treats  of  the  tendency  to  subject 
engineers  to  legislative  enactments,  and  how  it  may  be  misused  to  hold 
men   down  in   subordinate  positions. 

The  question  of  pay  and  occupation  is  practically  presented  by  the 
author,  who  has  been  subjected  to  the  constant  changes  incidental  to  the 
transient  character  of  his  engagements,  and  this  fact  tends  to  discredit  a  man 
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in  the  eyes  of  his  would-be  employer,  while  increasing  his  efficiency  by 
varied  experience.  Reference  is  made  to  the  American  Technical 
Association,  organized  in  Chicago  to  aid  in  securing  positions,  on  a 
benevolent  basis,  with  small  fees  for  membership,  as  being  a  good 
medium.  The  practice  of  discharging  the  older  and  more  experienced  men 
at  an  early  age  to  make  room  for  the  cheaper  graduates  is  deprecated,  even 
in  the  military  service,  but  in  this  latter  case  the  Government  provides  a 
pension,  while  the  civilian  is  compelled  to  shift  for  himself.  These  are  but 
a  few  of  the  many  good  points  which  are  well  worthy  of  consideration  by 
a  young  man  looking  for  a  choice  of  professions.  The  author  suggests  that 
self-tutored  men  should  never  buy  a  book  dated  prior  to  1895,  so  that  his 
book  is  not  yet  "  outlawed  "  and  will  prove  interesting  as  well  as  instructive 
to  the  neophyte. 

It  is   entertaining,   suggestive,   and  based  on  practical   experience. 

Lewis  M.  Haupt. 

Cocoa    and    Chocolate.      By    R.    Whymper.      Published    by    P.    Blakiston, 

Philadelphia.      327    pages    (16    x    24.5    cm.).      Price,    $5. 

This  book  is  a  complete  account  of  the  subject,  covering  the  agriculture 
of  "  Theobroma  cocoa,"  the  fermentation  of  the  beans,  their  preparation  for 
market,  and  the  manufacture  of  chocolates,  including  special  varieties,  like 
milk  chocolates  and  soluble  cocoas.  The  last  four  chapters  (70  pages)  are 
devoted  to  an  elaborate  critical  survey  of  the  microscopical  and  chemical 
examination  of  the  beans  and  the  products  made  from  them. 

The  word  chocolate  is  of  Aztec  origin,  and  the  product  was  introduced 
into  Europe  by  Cortez  when  he  returned,  in  1528,  from  the  conquest  of 
Mexico.  It  is  of  interest  to  learn  that  while,  at  present,  the  consumption 
of  coffee  remains  almost  stationary,  that  of  cocoa  and  chocolate  increases 
by  leaps  and  bounds.  Thus,  in  Germany,  between  1886  and  1898,  the  con- 
sumption of  coffee  increased  24  per  cent.,  while  in  the  same  time  the  con- 
sumption of  cocoa  and  chocolate  increased  330  per  cent. 

So  far  as  adulteration  is  concerned,  the  author  leans  decidedly  to  the 
view  that  the  standard  brands  of  cocoa  products  now  on  the  market  are 
pure  and  carefully  made,  though  this  was  not  always  the  case.  Thus,  Has- 
sall,  in  1876,  claims  to  have  examined  chocolate  powders  which  consisted 
of  stale  sea-biscuit,  coarse  flour,  and  tallow,  flavored  with  a  decoction  of 
cocoa  shells,  sweetened  with  treacle,  and  colored  with  brick  dust,  ferric 
oxide,  cinnabar,  or  even  red  lead.  One  cannot  be  too  thankful  that  the 
activity  of  the  food-analyst  has  made  it  impossible,  at  present,  to  market 
such  diabolical  mixtures.  However,  certain  aspects,  especially  of  the  pro- 
duction of  "  soluble  cocoas,"  would  probably  repay  the  attention  of  the  food 
chemist.     Thus,  on  page  107,  we  read : 

"  To  100  pounds  of  cocoa  paste  are  added  3  pounds  caustic  potash,  dis- 
solved in  I  gallon  of  water,  the  mixture  thoroughly  kneaded,"  etc.  While 
it  is  possible  that  most  of  the  potassium  hydroxide  is  removed,  with  the 
fat,  in  the  hydraulic  compression  which  follows,  yet  the  use  of  caustic 
alkalies  in  such  quantities  in  a  food  product  seems  hardly  fair  to  the  dys- 
peptics and  invalids  for  whom  the  material  is  especially  intended. 

An   interesting   phenomenon,    mentioned    on   page    129,    is    the    "  fatigue 
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of  chocolate."  Bj'  this  is  meant  the  fact  that  chocolate,  after  constant  con- 
secutive refining,  passes  into  a  dry,  powdery  state,  from  which  it  will  not 
recover  without  the  addition  of  more  cocoa  butter.  This  matter  would 
seem  to  deserve  some  elucidation  from  the  colloid  chemist.  The  book  gives 
the  impression  that  the  great  industry  of  cocoa-products  rests  upon  purely 
empirical  foundations,  and,  like  the  leather  industry,  still  awaits  the  trans- 
formation which  follows  a  scientific  study  of  methods.  This  remark  is  not 
to  be  construed  as  a  criticism  of  the  book,  which  is  clearly  written  and  evi- 
dently the  result  of  a  thorough  knowledge  of  the  subject.  The  work  is  well 
illustrated  with  original  photographs,  and  the  presswork  is  excellent.  A 
slight  slip  occurs  on  page  123,  where  "  melangeur "  is  incorrectly  spelled 
several  times.    There  is  a  good  index.  Robert  H.  Bradbury. 

Allen's  Commercial  Organic  Analysis.    Edited  by  W.  A.  Davis  and  S. 

P.  Sadtler.     Published  by  P.  Blakiston,  Philadelphia.     Vol.  iii,  635  pages 

(14.5  X  23  cm.).    Price,  $5.    Vol.  v,  704  pages  (14.5  x  23  cm.).    Price,  $5. 

Vol.  iii  is  devoted  to  h5'drocarbons  (aromatic  and  aliphatic),  phenols,  aro- 
matic  acids,   and    modern    explosives. 

Vol.  V  begins  with  a  section  of  about  100  pages  on  tannins.  The  re- 
mainder of  the  volume  is  devoted  chiefly  to  natural  and  artificial  dyestuflfs, 
which  receive  an  extremely  elaborate  and  detailed  treatment.  Both  volumes 
have  been  completely  rewritten  and  brought  abreast  of  the  present  state  of 
the  subject.  The  work  contains  a  good  deal  of  descriptive  matter,  not 
strictly  analytical  in  character.  This,  however,  will  not  be  without  its  value 
for  those  who  use  it. 

It  is  sufficient  to  call  the  attention  of  chemists  to  the  continued  appear- 
ance of  this  standard  work.  The  publication  of  the  final  volumes,  dealing 
with  amines,  alkaloids,  and  proteins,  is  promised  as  early  "  as  is  consistent 
with  good  work."  Robert  H.  Bradbury. 

A   Brief   Laboratory   Guide   for   Qualitative   Analysis.      By   Arthur   E. 

Hill,     '^(i  pages,    i2mo.      Price,   $1.     Published  by   Chemical    Publishing 

Company,   Easton,   Pa. 

When  a  teacher  has  developed  a  course  which  suits  him,  there  is  a 
natural  tendency  to  make  a  book  of  it.  This  tendency,  rather  than  the 
meagre  financial  rewards  of  authorship,  explains  the  great  overproduction  of 
elementary  text-books  of  General  Chemistry  and  of  Qualitative  Analysis, 
which  are  published  in  numbers  out  of  all  proportion  to  the  demand. 

The  present  book  is  intended  for  engineering  students,  wlio  can  devote 
only  a  short  time  to  the  subject.  The  hydrochloric  acid  group  is  omitted. 
Hydrogen  sulphide  is  the  first  group-reagent,  and  both  the  residue  and  the 
solution  from  the  nitric  acid  treatment  of  the  sulphides  are  tested  for  silver. 
It  is  at  least  questionable  whether  this  procedure  as  a  working  scheme  is  an 
improvement  on  the  usual  method.  Furthermore,  the  separation  of  silver, 
lead,  and  mercurous  chlorides  is  so  simple  and  typical  that  it  serves  a  useful 
academic  purpose,  in  familiarizing  the  beginner  with  the  fundamental  notions 
on  which  all  separations  depend. 
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Another  debatable  novelty  is  the  exclusion  of  cadmium  and  strontium, 
which  the  author  seems  to  regard  as  rare  elements.  The  nitroso  naphthol 
method  is  employed  for  the  separation  of  nickel  and  cobalt. 

The  book  is  clearly  written  and  should  prove  useful  to  the  class  of 
students  for  whom  it  is  intended.     The  price  seems  high. 

Robert  H.  Bradbury. 

Quantitative   Chemical  Analysis.     Adapted  for   use  in  the   laboratories 

of  colleges  and  schools   by  Frank  Qowes   and  J.   B.   Coleman.     Ninth 

edition,    565    pages,    illustrations,    8vo.      Price,    $3.50.      Published    by    P. 

Blaikiston's    Son    &    Co.,    Philadelphia. 

This  book  is  intended  for  beginners  in  universities  and  technical  schools. 
The  authors  take  the  point  of  view  that  what  the  student  needs,  in  his 
laboratory  manual  of  quantitative  work,  is  the  detailed  practical  directions 
which  will  enable  him  to  do  the  work  accurately.  Practically  no  theoretical 
information  is  given.  Equations  only  appear  when  they  are  needed  in  calcu- 
lation, and  no  reference  is  made  to  the  ionic  equilibria  involved  or,  in  fact, 
to  physico-chemical  ideas  of  any  sort.  In  fact,  it  must  be  confessed  that 
the  scrappy  treatment  of  such  matters  in  'a  work  devoted  to  Quantitative 
Analysis  is  of  doubtful  value.  The  student  who  is  making  a  serious  study 
of  the  subject  should  be  nearly  ready  to  attack  a  book  like  Ostwald's  "  Scien- 
tific Foundations  of  Analytical  Chemistry,"  in  which  the  basis  of  his  work 
is  given  a  dignified,  coherent  treatment. 

The  present  book  is  an  excellent  laboratory  manual.  The  directions  are 
precise,  detailed,  and  clear,  and  are  evidently  the  result  of  long  experience 
with  the  methods. 

The  book  is  unusually  free  from  errors  and  oversights.  On  page  83  a 
rather  singular  effect  is  produced  by  directing  the  student  to  fuse  zinc- 
blende  with  sodium  peroxide  in  a  platinum  crucible  and  informing  him, 
in  a  note,  that  he  will  probably  spoil  his  crucible  if  he  does  this. 

The  statement  on  page  207,  that  the  iron  can  always  be  completely 
extracted  from  an  iron  ore  by  heating  with  hydrochloric  acid  until  the 
residue  appears  colorless,  is  hardly  correct.  Such  residues  often  yield 
notable  quantities  of  iron  when  fused  with  sodium  carbonate  and  taken 
up  with  hydrochloric  acid. 

These,  however,  are  very  minor  points.  This  is  an  excellent  book 
which  can  be  put  into  the  hands  of  the  student  with  confidence  and  which 
might,  with  advantage,  take  the  place  of  many  a  needless  course  of  lectures 
on  the  subject.  Robert  H.  Bradbury. 
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Flashlight    Portraiture.      A    book    of    common    sense  information    and 

practical    methods    of    making    portraits    by    flashlight    at  home    or    in    the 

photographic  studio.     46  pages,  illustrations,  i2mo.     New  York,  Tennant  & 
Ward,  no  date.     Price,   in  paper,  25  cents. 
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Dark-Room  Work.  A  practical  dark-room  manual,  with  suggestions  as 
to  equipment,  working  conveniences,  short  cuts,  and  handy  methods  of 
dark-room  work.  62  pages,  illustrations,  i2mo.  New  York,  Tennant  & 
Ward,  no  date.     Price,  in  paper,  25  cents. 

U.  S.  Bureau,  of  Standards,  Circular  No.  32.  State  and  Alunicipal 
Regulations  for  the  Quality,  Distribution,  and  Testing  of  Illuminating  Gas. 
^33  pages,  8vo.     Washington,  Government  Printing  Office,  1912. 

U.  S.  Department  of  Agriculture.  Office  of  Public  Roads,  Bulletin 
No.  43.  Highway  Bridges  and  Culverts.  By  Charles  H.  Hoyt,  C.E.,  and 
William  H.  Burr,  C.E.  2i  pages,  illustrations,  8vo.  Washington,  Govern- 
ment Printing  Office,  1912. 

U.  S.  Bureau  of  Mines,  Bulletin  No.  23.  Steaming  Tests  of  Coals  and 
Related  Investigations,  September  i,  1904,  to  December  31,  1908.  By  L.  P. 
Breckenridge,  Henry  Kreisinger,  and  Walter  T.  Ray.  380  pages,  illustra- 
tions,  plates,   8vo.     Washington,    Government    Printing   Office,    1912. 

U.  S.  Coast  and  Geodetic  Survey.  Results  of  Observations  made  at 
the  Coast  and  Geodetic  Survey  Magnetic  Observatory  at  Cheltenham, 
Maryland,  1909  and  1910.  By  Daniel  L.  Hazzard.  93  pages,  plates,  4to. 
Washington,  Government  Printing  Office,  1912. 

lozca  State  College.  Engineering  Experiment  Station  Bulletin  No.  25. 
Electric  Power  on  the  Farm.  By  Adolph  Shane.  63  pages,  illustrations, 
Bvo.     Ames,  Iowa. 

U.  S.  Department  of  Agriculture.  Bureau  of  Chemistry,  Circular 
No.  96.  A  Measurement  of  the  Translucency  of  Papers.  By  C.  Frank 
Sammet.     3  pages,  8vo.     Washington,  Government   Printing  Office,    1912. 

U.  S.  Bureau  of  Standards.  Technologic  Papers  No.  3.  Tests  of  the 
absorptive  and  permeable  properties  of  Portland  cement  mortars  and  con- 
cretes, together  with  tests  of  damp-proofing  and  w^aterproofing  compounds 
and  materials.  By  Rudolph  J.  Wig,  associate  engineer-physicist,  and  P.  H. 
Bates,  chemist.  127  pages,  illustrations,  plates,  8vo.  Washington,  Govern- 
ment Printing  Office,  1912. 

Simultaneous  and  Cyclic  Appearances  of  Epidemics  of  Pneumonia,  Grip 
and  Enteritis  on  the  Northern  Hemisphere,  and  Their  Synchronism  with 
Solar  Activity  Cycles.  By  C.  M.  Richter,  M.D.,  San  Francisco.  11  pages, 
tables,  Bvo.     Chicago,  American  Medical  Association,  191 1. 

U.  S.  Geological  Survey.  Potash  Salts,  Summary  for  191 1.  By  W.  C. 
Phalen.  Advance  Chapter  from  "  Mineral  Resources  of  the  United  States, 
calendar  year  191 1."  31  pages,  8vo.  Washington,  Government  Printing 
Office,  1912. 

University  of  Michigan.  Nineteenth  Summer  Session.  Abridged 
announcement  1912.  15  pages,  illustrations,  i2mo.  Ann  Arbor,  University, 
1912. 

U.  S.  Department  of  Agriculture,  Bureau  of  Chemistry,  Bulletin  No.  144. 
Wood  Turpentine :  its  Production,  Refining.  Properties,  and  Uses.  By 
F.  P.  Veitch  and  M.  G.  Donk.  76  pages,  illustrations,  8vo.  Washington, 
Government  Printing  Office,  191 1. 

U.  S.  Bureau  of  Standards.  Technologic  Papers  No.  5.  The  effect  of 
high-pressure  steam  on  the  crushing  strength  of  Portland  cement  mortar 
Vol.  CLXXIII,  No.  1037—38 
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and  concrete.  By  Rudolph  J.  Wig.  25  pages,  illustrations,  plates,  8vo. 
Washington,  Government  Printing  Office,   1912. 

U.  S.  Department  of  Agriculture,  Bureau  of  Chemistry,  Circular  No.  85. 
A  Modification  of  the  Herzfeld-Bohme  Method  for  the  Detection  of 
Mineral  Oil  in  Other  Oils.  By  F.  P.  Veitch  and  Marion  G.  Donk.  15 
pages,  illustrations,  8vo.     Washington,  Government   Printing  Office,   1912. 

Chicago  Pneumatic  Tool  Company.  Catalogue  No.  37 — Stone  Tools. 
23  pages,  illustrations,  Bvo.  Catalogue  No.  40 — Rockford  Railway  Motor 
Cars.  24  pages,  illustrations,  8vo.  Bulletins  8-19,  E-20,  E-21,  E-23. 
Chicago,   Company,   1912. 


Cadmium  in  the  United  States.  C.  E.  Siebenthal.  (Brass 
World,  viii,  3,  89.) — Up  to  1910  no  cadmium  was  produced  in  this 
country  except  at  one  zinc  smelter,  where  it  is  recovered  as  a  by- 
product. Now  two  companies  are  producing  it,  as  can  be  learned 
from  the  advance  pamphlet,  "  Zinc  and  Cadmium  in  1910,"  of  the 
"  Mineral  Resources  of  the  United  States  " :  "  The  American  Smelt- 
ing and  Refining  Company  began  the  production,  in  1910,  by  the 
recovery  of  a  few  hundred  pounds  at  the  Globe  smelter  in  Denver, 
Col.  It  is  reported  that  the  cadmium  is  recovered  from  the  flue 
dust.  No  details  of  the  methods  employed  have  been  made  public. 
It  is  reported  that  furnaces  are  under  construction  which  will  have 
an  output  of  about  1,000  pounds  of  cadmium  per  month.  It  seems 
likely  that  the  source  of  the  metal  lies  in  the  zinciferous  lead  ores 
from  Leadville,  Col.,  and  similar  ores." 

British  Standard  Definitions  of  Yield-point  and  Elastic  Limit. 

(Mech.  Eng.,  xxix,  67.) — The  sectional  committees  of  the  Engineer- 
ing Standards  Committee  dealing  with  the  specifications  for  steel 
and  wrought  iron  have  agreed  upon  the  following  definitions  for 
the  elastic  limit  and  yield-point :  "  Elastic  limit  is  the  point  at 
which  the  extension  ceases  to  be  proportional  to  the  loads.  In  a 
stress-strain  diagram  plotted  to  a  large  scale  it  is  the  point  where 
the  diagram  ceases  to  be  a  straight  line  and  becomes  curved." 
"  Yield-point  is  the  point  at  which  the  extension  of  the  bar  in- 
creases without  increase  of  load."  For  practical  purposes  the  yield- 
point  is  defined  as  the  load  per  square  inch  at  which  a  distinctly 
visible  increase  occurs  in  the  distance  between  gauge  points  as 
determined  by  dividers,  or  at  which  there  is  a  distinct  drop  of  the 
lever  or  of  the  gauge  pointer  in  hydraulic  machines.  It  is  pointed 
out  that  the  elastic  limit  can  only  be  determined  by  the  skilful  use 
of  very  delicate  instruments,  making  its  determination  impracticable 
for  commercial  testing.  The  Ships  Committee  supports  the  method 
of  fixing  by  experience  the  working  stress  as  a  proportion  of  the 
ultimate  stress,  rather  than  as  a  proportion  of  the  elastic  limit  or 
yield-point.  .-.,.,....^     .        ,         •  ,     .      ■ 
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Production  of  Solid  Oxygen  by  the  Evaporation  of  the  Liquid. 

J.  Dewar.  {Roy.  Soc.  Proc,  A85,  589.) — Owing  to  its  small  vapor 
pressure  at  the  melting  point,  it  is  not  possible,  with  ordinary  air- 
pumps,  to  obtain  solid  oxygen  by  evaporation  of  the  liquid,  as  is 
the  case  with  hydrogen  or  nitrogen.  If,  however,  pure  liquid  oxy- 
gen, contained  in  a  properly-isolated  vessel,  be  subjected  to  the 
exhaust  produced  by  a  quantity  of  charcoal  kept  at  about  the  tem- 
perature of  boiling  oxygen,  the  pressure  is  lowered  to  such  an  extent 
that  the  oxygen  solidifies  to  a  transparent  jelly.  The  vapor  pressure 
at  the  melting  point  appears  to  be  between  1.115  and  1.125  mm. 
Taking  1.12  mm.  as  correct,  the  melting  point  of  oxygen  as  calcu- 
lated by  the  method  of  Rankine  or  Willard  Gibbs  is  53°  to  55° 
absolute.  A  direct  determination  of  the  melting  point  by  means  of 
a  small  hydrogen  gas  thermometer  gave  the  value  of  54°  absolute. 

Boundary  Waves  and  Parallactic  Tides.  O.  Petterson. 
(Eng.,  xcii,  384.) — One  of  the  most  notable  features  of  the  eastern 
side  of  the  North  Sea,  the  Skagerrak.  Kattegat,  and  Baltic  is  the 
stratification  of  the  w^ater  in  layers  of  diiTerent  origin,  distinguishable 
by  differences  in  temperature  and  salinity.  The  boundary  between 
two  layers  could  be  located  by  means  of  floats,  and  the  currents  indi- 
cated photographically  by  a  special  water-gauge  and  current-meas- 
urer made  by  Ericson  &  Co.,  Stockholm.  Records  are  made  ever\' 
half-hour  for  periods  of  fourteen  days.  The  phenomena  are 
ascribed  to  secondary  efifects  from  the  ocean  tides  in  deep  water 
outside  the  shallow  basins. 

Copper  Losses  in  Rotary  Converters.  J.  R.  Carson.  (Elec- 
trical World,  Iviii,  748.) — A  general  formula  is  given  for  the  cop- 
per losses  in  a  rotary  converter  not  only  for  any  number  of  phases 
but  also  for  any  power  factor.  The  assumption  is  made  that  the 
efficiency  of  the  converter  is  100  per  cent.  The  formula  is  illustrated 
by  tables,  the  relative  ampere  rating  at  different  power  factors  being 
given. 

A  New  Anti-Friction  Metal.  Anon.  (Brass  World,  vii,  10, 
356.) — This  consists  of  zinc  78  per  cent.,  copper  12,  lead  7,  iron  2, 
and  manganese  i  per  cent.  Its  anti-frictional  qualities  enable  it 
to  replace  more  expensive  metals  for  bearings,  bushings,  and  num- 
erous other  castings.  It  holds  its  lustre  for  a  long  time.  The 
components  being  of  an  anti-frictional  nature  make  it  less  subject 
to  the  action  of  heat,  and  therefore  less  lubrication  is  necessary. 
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Prize  Offered  by  the  New  Zealand  Government  in  Connection 
with  New  Zealand  Hemp.  Anon.  {Engineering,  Dec.  29,  191 1.) 
— The  New  Zealand  Government  has  agreed  to  pay  i  12,000  as  a 
bonus  or  bonuses  for  improvements  in  connection  with : 

(i)  The  extraction  and  dressing  of  fibre  from  the  New  Zealand 
hemp  plant  (Phormium  tenax) ;  or 

(2)  The  utilization  of  the  by-products  obtained  during  the  pro- 
cess of  extracting  the  fibre ;  on  condition  that  the  machine  or  pro- 
cess in  regard  to  which  the  whole  or  any  part  of  the  bonus  is  to  be 
paid  shall  be  recommended  by  the  New  Zealand  Flax-Millers'  Asso- 
ciation, and  approved  by  the  Government. 

The  £12,000  will  be  paid  v/holly  or  in  part  for  any  of  the  follow- 
ing, viz.: 

(i)  A  process  of  extracting  and  dressing  the  fibre  of  New  Zea- 
land hemp  {Phormium  tenax),  whether  by  machinery  or  otherwise, 
whereby  there  shall  be  obtainable  (a)  a  greatly-improved  quality 
of  fibre  marketable  at  a  higher  price,  or  {h)  a  substantial  reduction 
in  the  cost  of  producing  the  fibre. 

(2)  Any  such  process  that  shall  produce  a  fibre  fit  for  use  in 
manufactures  other  than  rope  and  twine  spinning. 

(3)  Any  such  process  that  shall  render  unnecessary  any  of  the 
present  operations  involved  in  extracting  and  dressing  the  fibre,  such 
as  stripping,  paddocking,  or  scutching. 

(4)  Any  improved  method  of  separating  the  green  envelope  or 
the  flinty  or  colored  matter  from  the  green  leaf  of  the  phormium 
plant  so  as  to  produce  a  strong  white  fibre,  the  whole  of  which  can 
be  saved  with  little  or  no  tow  or  waste. 

(5)  Any  means  whereby  the  by-products  obtained  during  the 
processes  of  extracting  and  dressing  New  Zealand  hemp-fibre — such 
as  the  gum,  dye,  stripper-slips,  tow-dust,  or  waste  vegetable  matter — 
shall  be  converted  into  a  marketable  commodity. 

Applications  for  the  bonus  must  be  addressed  to  the  President  of 
the  New  Zealand  Flax-Millers'  Association,  Palmerston  North, 
New  Zealand,  and  must  reach  him  not  later  than  noon  of  November 
30,  1913.  They  must  be  inclosed  in  an  envelope  clearly  marked 
"  Application  for  Bonus." 

Each  applicant  shall  state  what  lump  sum  (including  the  bonus 
of  ii2,ooo  or  any  part  thereof)  would  be  required  to  purchase  the 
New  Zealand  rights  of  his  machine  or  process  in  the  event  of  such 
rights  being  acquired  by  the  New  Zealand  Government  for  free 
use  by  the  hemp-millers  of  this  Dominion ;  or,  if  applicant  is  un- 
willing to  sell  his  rights,  he  shall  state  what  amount  of  bonus  (not 
exceeding  ii2,ooo)  and  what  royalty  he  would  require  for  the  use 
of  his  machine  or  process. 


Brass  Foundry  Mixtures.     E.  S.  Sperry.     {Brass  World,  viii, 
2,  41.) — For  "  Composition''  a  term  generally  employed  in  brass 
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foundries  to  designate  any  metal  that  is  red,  casts  well,  and  cuts 
freely. 

Mixture.  A  cheaper  mixture. 

Copper    85  Copper    85 

Tin    5  Tin    3 

Zinc    5  Zinc     9 

Lead    5  Lead     3 

Statuary  Bronze. — The  best  metals  obtainable  are  selected  and 
the  best  mixture  known  is  always  employed  for  statuary,  on  account 
of  the  enormous  expenditure  for  labor,  which  forbids  any  economy 
in  metal.     The  mixture  is : 

Copper    90  Zinc    3 

Tin    6  Lead    i 

The  small  quantity  of  lead  is  necessary  to  impart  the  required 
chasing  qualities  to  the  statue, 
^fixture  for  trolley  wheels : 

Copper    .' 92  Zinc     2 

Tin    6 

No  lead  is  used  here,  as  it  has  been   shown  that  this  mixture 
gives  a  far  greater  mileage  than  one  which  contains  lead. 
Mixture  for  pattern  castings : 

Copper    88  Zinc     2 

Tin    8  Lead    2 

Good  metals  are  necessary  for  pattern  bronze.  They  come  out 
of  the  sand  bright  and  clean. 

Preservatives  for  Butter  and  Margarine.  K.  Fischer  and  O. 
Gruenert.  (Zeit.  Unters.  Nahr.  Genussiii.,  xxii,  553.) — The  re- 
sults of  numerous  experiments  showed  that  common  salt  is  the 
best  preservative  of  butter  and  margarine.  Specimens  containing 
3  per  cent,  of  salt  were  quite  fit  for  consumption  after  the  lapse  of 
three  months,  whilst  other  specimens  which  had  been  treated  with 
benzoic  acid,  salicylic  acid,  boric  acid,  etc.,  had  rapidly  become  ran- 
cid. With  the  use  of  salt  the  decomposition  of  the  fat  and  casein 
was  practically,  though  not  quite,  inhibited,  but  the  other  preserva- 
tives failed  to  stop  this  decomposition  even  when  (in  the  case  of 
butter)  as  much  as  i  per  cent,  was  added. 

Light  Emitted  by  Fireflies.  P.  Sixgh  and  S.  Maulik.  (Nature, 
Ixxxviii,  III.) — A  number  of  fireflies  were  placed  over  a  photo- 
graphic plate  and  various  materials  interposed.  The  plate  was 
affected  through  thin  layers  of  wood  and  leather,  but  not  appreciably 
through  glass.  Thus  the  rays  emitted  by  fireflies  are  in  some 
respects  analogous  to  Rontgen  rays  and  ultra-violet  light. 
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Arc  Lighting.  C.  P.  Steinmetz.  (Gen.  Elec.  Rev.,  xiv,  568.) 
— In  neither  the  flame  arc  nor  the  luminous  arc  is  the  light  a 
temperature  effect ;  it  more  nearly  corresponds  to  a  direct  con- 
version of  electrical  energy  into  light,  i.e.,  "  luminescence."  The 
light  is  given  by  the  vapor  stream  which  conducts  the  current  across 
the  gap  between  the  terminals,  and  not  by  the  tips  of  the  terminals, 
as  in  the  old  carbon  arc.  The  f^ajne  arc  is  a  carbon  arc  whose  vapor 
stream  is  made  luminous  and  light-giving  by  introducing  into  it 
mineral  compounds,  mostly  calcium  salts.  The  electrodes  are  im- 
pregnated with  these  salts.  The  light-giving  current  is  conducted 
by  the  carbon  vapor,  but  not  by  the  salts.  In  the  luminous  arc  the 
light-giving  material  is  used  as  the  vapor  conductor.  Iron  and 
titanium  compounds  which  are  embodied  in  the  negative  electrode 
are  mostly  used.  The  composition  of  the  positive  electrode  is  imma- 
terial and  is  usually  made  non-consuming  by  making  it  large  enough 
to  keep  cool.  In  the  flame  arc  the  positive  electrode  must  always 
be  an  impregnated  one.  The  color  of  the  flame  arc  is  yellow 
(calcium)  and  the  luminous  titanium  arc  white.  The  luminous  arc 
is  better  suited  than  the  flame  arc  for  low-power  lighting  units. 
The  temperature  of  the  luminous  arc  is  about  2000°  C,  that  of  the 
flame  arc  about  3700°  C.  The  efficiency  of  the  yellow  flame  arc  is 
0.20  to  0.33  watts  per  candle,  that  of  the  luminous  arc  0.33  to  0.50, 
and  that  of  the  tungsten  incandescent  lamp  0.80  to  1.25  watts  per 
candle.  The  application  of  these  three  illuminants  to  street  and 
indoor  lighting  is  discussed  in  detail. 

Photosensitive  Antimonite  Cells.  W.  S.  Grippemberg.  (/. 
Am.  Chcm.  Soc,  xxxiii,  1761.) — Antimonite  (stibnite)  has  been 
shown  by  F.  M.  Jaeger  to  suffer  a  change  of  its  electrical  con- 
dition upon  exposure  to  light  and  to  possess  certain  advantages 
over  selenium  for  the  construction  of  photosensitive  cells.  A  cell 
was  made  by  clamping  together  a  thin  lamella  of  antimonite  and  a 
small  grate  of  very  small,  thin  strips  of  gold  or  platinum  foil. 
Such  cells  have  a  resistance  between  10^  and  5  x  10^  ohms,  are  very- 
sensitive,  and  may  be  used  without  trouble  with  a  potential  differ- 
ence of  30  volts. 

Commercial  Preparation  of  Pure  Nitrogen.  G.  Claude. 
(Comptes  Rcndus.  cliii,  764.) — Nitrogen  99.9  per  cent,  pure  is  ob- 
tained by  a  modification  of  his  air-liquefaction  apparatus,  by  re- 
evaporating  about  one-third  of  the  impure  liquid  nitrogen  and  wash- 
ing it  in  a  liquid  still  containing  4  per  cent,  of  oxygen.  Two 
apparatuses  of  this  type,  each  supplying  400  cm.  per  hour  of  99.7 
per  cent,  nitrogen,  are  installed  at  the  Societa  Italiana  C^rburo  di 
Calcio,  at  Terni ;  and  two  more  for  500  cm.  per  hour  of  99.8  per 
cent,  nitrogen  are  installed  at  the  Albv  Carbidfabriks. 
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General  Law  Concerning  the  Behavior  of  SoHd  Bodies  at 
Very  Low  Temperatures.  W.  Nernst.  (Physik.  Zeit.,  xii,  976.) 
— Recent  investigations  of  specific  heats,  in  accordance  with  the 
requirements  of  the  theory  of  energ-y  units,  made  it  certain  that 
for  every  sohd  body  there  is  a  certain  range  of  temperature  from 
absolute  zero  upwards  in  which  the  conception  of  temperature  prac- 
tically loses  its  significance.  Within  this  range  every  property 
which  is  determined  by  the  mean  behavior  of  the  atom  must  be 
independent  of  the  temperature.  This  rule  may  be  considered  firmly 
established  in  the  cases  of  the  following  properties :  volume,  specific 
heat,  thermal  coefficient  of  expansion,  compressibility,  and  the  free 
energy  and  total  energ}^-  changes  of  a  reaction.  The  opinion  is 
expressed  (but  with  some  reserve,  because  strong  proof  is  yet 
wanting)  that  the  thermal  condition  of  metals  is  finite  and  inde- 
pendent of  temperature  for  a  certain  range  above  absolute  zero, 
and  that  thermo-electric  force  and  the  Peltier  effect  approach  zero  as 
the  temperature  approaches  absolute  zero. 

Infected  Tin  or  the  "  Tin-Pest."  Prof.  Ernst  Cohen.  (Brass 
World,  viii,  3,  96.) — This  paper  considers  the  decay  of  tin,  and  the 
results  may  be  thus  summarized:  (i)  That  metallic  tin  exposed 
to  a  low  temperature  will  gradually  change  to  the  allotropic  or  gray 
form  of  tin  in  the  shape  of  powder.  Massive  tin  will  become 
granular.  Sheet  metal  may  become  perforated  by  the  formation 
of  "tin-pest."  (2)  The  lower  the  temperature  the  more  rapid 
the  decay  of  the  tin.  It  should  be  kept  above  18°  C.  (64.4°  C), 
which  seems  to  be  the  point  of  transition.  (3)  That  the  granular, 
gray  tin  resulting  from  the  decay  of  white  tin  is  only  an  allotropic 
form  of  tin,  and  can  be  changed  to  the  white  form  by  merely  melt- 
ing. (4)  When  the  tin  decays  to  the  gray  powder  it  increases  in 
volume.  (5)  The  decay  of  tin  may  be  brought  about  by  infection. 
If  white  tin  is  brought  in  contact  with  a  trace  of  the  gray  powder, 
decay  takes  place  at  this  point  and  gradually  increases  in  area. 
This  indicates  an  analogy  in  metallurgy  to  that  of  the  diseases  of 
the  human  race.  Metals  can  become  diseased  by  infection  as  one 
person  may  become  infected  by  another. 

Nomenclature  of  Alloys.  W.  Rosen hain.  {Inst,  of  Metals, 
Jan.,  1912.) — Attention  is  called  to  the  confusion  in  the  nomenclature 
of  alloys,  particularly  in  the  use  of  the  terms  "  brass  "  and  "  bronze," 
which  are  frequently  used  in  contradiction.  A  system  of  classifica- 
tion is  suggested  in  which  the  class  name  "  brass  "  shall  include  all 
alloys  whose  principal  constituents  are  copper  and  zinc ;  and 
"  bronze  "  those  consisting  of  copper  and  tin.  When  other  metals 
are  present  each  particular  alloy  is  distinguished  by  an  addition 
to  the  class  name ;  for  instance,  so-called  manganese  bronze  would 
be  known  as  manganese  brass,  and  "  Aich  metal  "  as  iron  brass. 
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Blau  Water  Gas  for  Industrial  Purposes.  A.  Meade.  (/. 
Gas  Lighting,  cxvii,  83.) — The  industrial  use  of  water  gas  has  made 
considerable  progress  on  the  continent  of  Europe.  Its  most  impor- 
tant property  is  its  very  high  fiame  temperature.  With  preheated 
air,  a  temperature  above  the  melting-point  of  platinum  is  reached, 
and  under  ordinary  conditions  the  hottest  part  of  the  flame  is  be- 
tween 2800°  and  3000°  F.  Burned  at  a  pressure  of  5^  pound  per 
square  inch,  with  air  at  23^  pounds,  in  a  fire  clay  faced  burner,  it 
is  used  for  pipe  welding.  For  heating  purposes  it  is  unnecessary  to 
purify  it  from  hydrogen  sulphide,  but  this  must  be  done  for  lighting 
and  power  purposes.  Blau  water  gas  is  not  very  suitable  for  gas 
engines,  as  it  contains  so  much  hydrogen  that  it  cannot  be  highly 
compressed.  With  suitable  appliances  the  results  obtained  for  in- 
candescence lighting  are  equal  or  superior  to  those  obtained  with 
ordinary  coal  gas.  It  is  also  used  for  the  preparation  of  hydrogen 
by  liquefying  or  freezing  out  the  other  constituents,  and  by  cement 
manufacturers  to  heat  their  rotary  furnaces. 

Design  of  Thirty-Ton  Induction  Furnace.  A.  Higrth.  (Amer. 
Electrochem.  Soc.  Trans.,  xx,  293.) — From  experiments  with  his 
5-ton  monophase  furnace  at  Jossingfjord,  the  resistance  of  the 
furnace  and  the  bath  is  estimated.  The  liquid  iron  seems  to  have 
a  resistance  of  1.4  ohms  per  square  mm.  per  metre  in  length; 
higher  estimates,  up  to  1.7  ohms,  are  probably  more  correct.  The 
power  factor  was  0.81  with  a  charge  of  3  tons,  0.73  with  4,  0.65 
with  5,  and  0.6  with  a  charge  of  6  tons.  The  30-ton  furnace  is  to 
be  3-phase.  With  12.5  cycles,  cos  v'' would  be  0.34;  with  10  cycles, 
0.41  ;  with  8  cycles,  0.5 ;  with  5  cycles,  0.67.  He  decides  upon 
8  cycles  and  one  generator  yielding  3,540  amperes  at  230  volts,  and 
occasionally  up  to  4.300  amperes,  linger  thought  that  several 
smaller  generators  would  be  preferable  to  one  large  unit  at  the  low 
periodicity. 

Reduction  of  Power  Consumption  in  Electric  Steel  Furnaces. 

Dr.  C.  Hering.  {Metal,  and  Chcni.  Engin.,  ix,  590.)— On  the  basis 
of  Hiorth's  figures  (see  preceding  note)  and  those  supplied  by 
Rochling-Rodenhauser,  Dr.  Hering  calculates  the  electric  energy 
which  should  suffice  to  keep  the  temperature  of  the  fused  steel 
constant.  This  energy  would  be  26  k.w.  per  ton  for  steel  furnaces 
of  a  capacity  of  0.5  ton,  9.5  k.w.  for  lo-ton  furnaces,  and  5.5  k.w. 
per  ton  of  steel  for  50-ton  furnaces.  These  figures  should  be 
realized  with  suitable  construction. 

Increasing  the  Ductilily  of  Tungsten.  (Brass  World,  viii,  3, 
105.) — Metallic  tungsten  is  now  used  to  such  an  extent  in  electric 
lamps  that  any  method  of  improving  its  quality  becomes  valuable. 
Werner  von  Bolton,  of  Charlottenburg,  Germany,  the  inventor  of 
the  tantalum  electric  lamp,  has  patented  a  method  of  increasing  the 
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ductility  of  tungsten  so  that  it  can  be  made  into  wire  for  lamp 
filaments.  The  tungsten  is  treated  at  red  heat  with  a  mixture  of 
hydrogen  and  sulphur  chloride.  This  removes  any  tungsten  oxide, 
which  is  a  cause  of  brittleness.  The  oxide  is  converted  into  sul- 
phide, and  the  sulphide  reduced  by  hydrogen.  The  purified  metal 
contains  some  sulphur,  which  is  expelled  by  heating  to  whiteness 
in  a  vacuum  furnace,  and  pure  metallic  tungsten  of  great  ductility 
is  obtained,  which  can  be  easily  drawn  into  wire.  If  the  tungsten 
oxide  is  reduced  directly  by  hydrogen,  some  hydrogen  is  left  in 
the  metal  and  causes  brittleness. 

Crucibles  for  Melting  Platinum.  (Brass  World,  viii,  3,  82.)  — 
Lime  has  been  found  the  most  satisfactory  material  for  crucibles 
for  melting  platinum.  It  is  about  the  only  material  that  will  stand 
the  high  heat  of  the  oxy-hydrogen  blow-pipe.  Pieces  of  burned 
lime  are  selected  as  free  from  fissures  and  foreign  matter  as  pos- 
sible. A  cavity  is  cut  in  these  pieces  to  hold  the  platinum,  which  is 
melted  in  the  cavity  by  an  oxy-hydrogen  blow-pipe ;  it  is  then 
allowed  to  cool.  The  button  of  platinum  is  hammered  until  it  is 
thin  enough  to  enter  a  pair  of  rolls  to  be  rolled  into  sheet. 

Molybdenum  Steel  in  Ihe  Electric  Furnace.  E.  J.  Dittos  and 
R.  G.  Bowman.  (Amer.  Electrochem.  Soc.  Trans.,  xx,  355.) — The 
iron  is  fused  under  coke,  sand,  and  lime  and  a  mixture  of 
molybdenite,  MqSo,  and  ferrosilicon  is  added.  A  good  steel  with 
0.6  per  cent,  carbon,  1.15  molybdenum,  0.37  sulphur,  0.08  phos- 
phorus, and  0.9  Si  was  obtained.  The  furnace  was  a  deep  crucible, 
into  which  two  electrodes  were  lowered ;  these  were  either  coupled 
in  series  or  coupled  in  parallel,  when  a  bottom  electrode  formed  the 
other  terminal.     The  second  arrangement  was  preferable. 

Struverite,  a  Rare  Tantalum  Mineral.  Anon.  (Bull.  Imp. 
Inst.,  ix,  354.) — A  specimen  of  a  lustrous  black  mineral,  found  in 
the  Kuala  Kangsar  District,  Perak,  in  the  Federated  Malay  States, 
was  found  to  consist  of  the  rare  mineral  struverite,  essentially  an 
isomorphous  mixture  of  tapiolite  (iron  tantalate)  and  rutile.  The 
sample,  freed  from  foreign  admixtures,  analyzed  titanium  dioxide 
45.74  per  cent,  tantalum  oxide  35.96  per  cent.,  niobium  oxide  6.90, 
ferrous  oxide  8.27,  manganese  oxide,  trace,  stannic  oxide  2.67, 
silica  0.20,  water  0.50  per  cent.  It  is  considered  that  striiverite 
could  be  utilized  as  a  source  of  tantalum,  though  it  would  have  to 
be  used  at  a  lower  rate  than  tantalite,  as  it  is  poorer  and  more  ex- 
pensive to  smelt. 

Production  of  Helium  by  Radium.  B.  B.  Boltwood  and  E. 
Rutherford.  (Akad.  JJ'iss.  JVicii.  Sits.  Ber.,  cxx,  2a,  p.  113.)  — 
An  extended  determination  of  the  volume  of  helium  produced  from 
a  large  quantity  of  radium  showed  that  approximately  156  mm.  per 
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gramme  of  radium  in  equilibrium  with  its  disintegration  products 
to  radium  C  was  produced.  This  observed  rate  of  production  of 
heHum  closely  agrees  with  the  rate  calculated  from  the  counting 
experiments  of  Rutherford  and  Geiger  (158  cub.  mm.  per  year), 
thus  proving  that  the  «  particle  during  its  flight  consists  of  a  helium 
atom  carrying  two  unit  positive  charges  and  that  heHum  itself  is 
monatomic.  The  agreement  of  the  observed  and  calculated  values 
is  independent  of  the  purity  of  the  Ra-standard  employed,  as  the 
same  standard  has  been  used  in  both  measurements.  Determina- 
tions of  the  amount  of  helium  produced  by  the  disintegration  of  a 
known  quantity  of  radium  emanation  were  also  made,  and  found 
to  agree  with  theory.  The  production  of  helium  by  polonium  and 
from  a  preparation  containing  radio-lead  was  also  observed. 

Economic  Working  of  Steam  Boilers.  C.  W.  Jordan.  (Mech. 
Eng.,  xxviii,  626.) — This  paper  refers  to  the  difficulties  connected 
with  the  regulation  of  combustion,  and  on  the  point  of  excess  of 
air  admitted  to  the  furnace  it  is  said  that  the  ordinary  water  column 
draught-gauge  gives  indications  of  two  causes  of  movement,  viz.: 
( I )  the  pressure  necessary  to  produce  the  desired  velocity  of  air 
flowing  through  the  grate,  and  (2)  the  pressure  necessary  to  secure 
the  flow  of  the  fuel  gases  through  the  flues,  etc.,  the  one  being 
dependent  upon  variable  and  the  other  upon  constant  conditions. 
A  means  is  proposed  of  measuring  the  second  one  alone  by  the 
use  of  a  differential  water  column.  The  regulation  of  the  feed 
water  has  been  much  neglected,  and  an  auto-electric  apparatus  ' 
proposed  for  the  purpose  of  controlling  the  feed ;  this  apparatus  is 
described  and  illustrated.  It  is  dependent  upon  a  float,  the  rod  of 
which  carries  an  iron  bar  forming  the  armature  of  an  electro- 
magnet. When  this  armature  is  brought  by  the  water  level  into 
the  magnetic  field  it  is  held  so  as  to  close  the  circuit  of  an  electro- 
magnet operating  the  field  valve.  The  first  magnet  is  cut  out  of 
circuit  by  the  rising  of  the  float,  and  the  feed  valve  closes.  Other 
details  conducive  to  economical  working  are  also  discussed. 

Iron  Content  of  Cow's  Milk.  F.  Edelstein  and  F.  V.  Csonka. 
(Biochem.  Zeits.,  xxxviii,  14.) — The  figures  previously  given  for 
the  iron  content  of  cow's  milk  range  from  i  to  15  mgm.  of  iron 
per  litre.  It  is  now  found  that  if  the  milk  be  drawn  into  glass 
vessels  the  iron  content  is  0.4  to  0.7  mgm.  per  litre,  or  from  one- 
third  to  one-half  that  of  human  milk.  In  ordinary  mixed  dairy 
milk  and  in  purchased  milk  the  iron  content  was  higher,  0.7  to  1.5 
mgm.,  and  less  constant. 
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Mr.  Chairman_,  Ladies  and  Gentlemen  : 

At  the  outset  of  my  remarks  I  feel  that  I  should  say  a  word 
in  appreciation  of  the  initiative  and  energy  that  have  made 
possible  this  series  of  lectures;  and  I  welcome  the  opportunity 
to  join  with  those  who  recognize  the  public  spirit  of  the  indi- 
viduals and  associations  who  have  contributed  to  the  success  of 
the  celebration. 

HISTORICAL. 

About  one  hundred  years  ago.  two  of  the  leading  nations  of 
Europe  brought  forth  independently  of  each  other  an  invention 

*  Lecture  delivered  at  the  Celebration  of  the  Centenary  of  the  Intro- 
duction of  Gas  as  an  Illuminant  under -the  auspices  of  the  American  Phil- 
osophical Society,  the  Franklin  Institute,  the  American  Chemical  Society, 
the  American  Gas  Institute,  in  the  hall  of  The  Franklin  Institute,  Phila- 
delphia, on  Friday,  April   19,   1912. 

[Note.— The  Franklin  Institute  is  not  responsible  for  the  statements  and  opinions  advanced 
by  contributors  to  the  Journal.] 
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which  was  destined  to  become  a  factor  mightier  than  ahiiost  any 
other  for  the  promotion  of  huinan  comfort,  for  advancing  civil- 
ization, and  for  giving  employment  to  great  industrial  armies. 

On  this  occasion,  therefore,  we  celebrate  the  birth  of  a  great 
industry ;  and  it  is  fitting  that  we  recall  the  names  of  those 
patient  pioneers  whose  struggles  are  a  matter  of  history,  and 
whose  subtle  creation  illumines  the  civilized  world.  Among  the 
names  which  we  honor  to-day  are  Van  Helmont  Clayton,  Mur- 
doch, Lebon,  Clegg  and  Winsor,  but  it  is  generally  conceded 
that  to  William  Murdock  belongs  the  credit  of  being  the  first 
to  develop  the  gas  industry  along  practical  lighting  lines. 

From  Murdoch's  own  account  we  learn  that  in  1798  he  re- 
moved from  Cornwall,  where  he  had  conducted  important  ex- 
periments, lighting  his  own  house  (1792),  to  Boulton,  Watt  & 
Company's  works  for  the  manufacture  of  steam  engines  at  the 
Soho  Foundry,  near  Birmingham,  where  he  constructed  an 
apparatus  on  a  large  scale  which  was  applied  to  the  lighting  of 
the  principal  building.  His  experiments  were  continued  with 
some  interruption  until  the  year  1802,  when  a  public  dis- 
play of  the  light  was  made  in  the  illumination  of  the  manufac- 
tory at  Soho,  on  the  occasion  of  the  celebration  of  the  Peace  of 
Amiens.  A  contemporary  writer  states  "  This  remarkable  illu- 
mination was  the  first  public  display  (of  gas-lighting)  in  this 
country  and  at  the  time  produced  a  very  strong  impression  upon 
the  inhabitants  of  the  town.  The  illumination  of  Soho  works 
on  this  occasion  was  one  of  extraordinary  splendor.  The  whole 
front  of  that  extensive  range  of  buildings  was  ornamented  with 
a  great  variety  of  devices,  that  admirably  displayed  many  of 
the  varied  forms  of  which  gas  light  was  susceptible." 

Murdoch's  efforts  were  stimulated  by  news  of  the  activities 
of  M.  Lebon,  of  Paris,  along  similar  lines.  This  is  related  in  a 
letter  addressed  to  Soho  from  which  Dr.  Henry  published  the 
following  extract :  "I  don't  know  exactly  what  time  the  first 
trials  were  made  or  published  in  France.  The  first  notice  we 
received  of  them  here  was  in  a  letter  from  a  friend  at  Paris 
dated  November  8,  1801,  in  which  he  desired  me  to  inform  Mr, 
Murdoch  that  a  person  had  lighted  up  his  house  and  gardens 
with  the  gas  obtained  from  wood  and  coal  and  had  in  contem- 
plation to  light  up  the  city  of  Paris." 

The  testimony  of  James  Watt,  Jr.   (son  of  the  great  inven- 
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tor),  who  was  associated  with  Matthew  Boulton  in  the  firm  of 
Boulton  &  Watt,  proprietors  of  the  Soho  Works,  shows,  to  use 
his  own  words,  that  "  at  the  period  when  the  p€ace  took  place, 
which,  I  beheve  was  in  the  spring  of  1802,  pubHc  display  of 
these  lights  was  made  in  the  illumination  of  Mr.  Boulton's  man- 
ufactory, which  then  took  place.  In  1803  we  erected  an  appa- 
ratus for  the  purpose  of  giving  a  light  to  a  part  of  our  own 
works  and  till  1804  we  continued  making  experiments  on  the 
gas  produced  and  also  on  the  different  coals  out  of  which  the 
gas  was  to  be  made;  on  the  manner  of  making  the  retorts  best 
adapted  to  the  purpose;  upon  the  materials  and  construction  of 
the  pipes;  upon  the  size  and  construction  of  the  gasometers ;  upon 
the  economy  of  the  different  sorts  of  burners,  etc.  The  experi- 
ments were  very  long  and  attended  with  a  great  deal  of  expense. 
We  were  out  of  pocket  £4,000  or  £5,000  and  are  so  at  this 
moment  for  the  experiments  and  machinery." 

In  Hunt's  "  History  of  the  Introduction  of  Gas  Lighting," 
we  are  told  that : 

"  It  was  the  fear  of  being  anticipated  bj-  Lebon  that  quickened  the 
firm's  pace  and  finally  overcame  their  reluctance  to  embark  in  this  new 
venture.  Without  Lebon,  therefore,  Murdoch's  invention  might  have  re- 
mained indefinitely  in  the  background:  but,  it  may  be  with  equal  justice 
be  said  that  without  Murdoch,  Lebon's  ideal  could  not  have  been  realized. 
There  is  no  evidence  that  either  Murdoch  or  Lebon  aimed  at  anything  be- 
yond a  number  of  separate  and  independent  installations ;  but  Lebon's  idea 
of  '  lighting  a  part  of  Paris  with  it '  seems  to  have  fired  the  imagination 
of  his  follower,  Winsor,  in  whose  hands  a  public  supply  of  gas  lighting 
became  a  reality,  although  this  was  only  made  practicable  by  the  achieve- 
ments of  Murdoch  and  the  development  of  engineering  and  industrial  art." 

Lebon  was  granted  a  patent  for  a  term  of  15  years  from 
September  28,  1799,  as  shown  by  the  records  in  the  Patent 
Office  at  Paris. 

Frederick  A.  Winsor,  contemporary  of  Murdoch  and  Lebon. 
is  described  as  a  man  of  little  experience  but  possessed  of  an 
extremely  sanguine  temperament  and  unbounded  imagination, 
combined  with  determination  and  ingenuity.  He  was  the  first 
to  advocate  publicly  the  distribution  of  gas  from  a  central  source, 
and  was  the  promoter  of  the  first  chartered  gas  light  company. 
The  London  press  spoke  of  him  most  disparagingly  and  de- 
scribed his  scheme  of  gas  lighting  as  "  wild,  absurd  and  extrava- 
VoL.  CLXXIII.  No.  103S-40. 
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gant  in  its  conception  and  fraught  with  the  greatest  danger  in 
its  execution,"  and  alluded  to  Winsor's  proposal  for  "  enlight- 
ening the  inhabitants  of  London  "  as  "  fire  of  wind."  Winsor 
was  himself  responsible  for  much  of  this  opposition  by  reason 
of  his  extravagant  statements  as  to  profits  (as  much  as  one 
thousand  per  cent,  being  promised)  of  the  venture.  Indeed  a 
perusal  of  his  flowery  prospectus  would  give  pause  even  to  the 
modern  advertising  man,  and  the  circus  poster  in  its  palmiest 
days  hardly  approached  its  flights.  For  instance,  in  one  of  his 
pamphlets,  after  claiming  such  utilities  as  "  tanning  skins," 
"  smoking  bacon  and  hams,"  and  "  fixing  color  in  dyeing,"  he 
says,  "  as  to  illuminations,  they  may  be  carried  on  to  the  utmost 
extent  of  beauty  and  variegated  fancy,  by  this  docile  flame, 
which  will  play  in  all  forms,  submit  to  instant  changes,  ascend 
in  columns  to  the  clouds,  descend  in  showers  from  the  trees, 
walls,  etc.,  arise  from  the  water,  and  even  in  the  same  pipe  with 
a  playing  fountain.  The  constant  varying  of  the  flame  in  rooms 
and  gardens  between  flaming  pyramids,  festoons,  garlands, 
roses,  flambeaux,  etc.,  afford  the  spectator  a  most  delightful 
sight,  cherish  the  soul  and  create  good  humor  by  uniting  con- 
venience, utility  and  pleasure." 

In  1803  and  1804  Winsor  publicly  exhibited  his  system  of 
illumination  by  coal  gas  at  the  Lyceum  Theatre,  London.  He 
showed  the  manner  of  conveying  the  gas  to  different  parts  of 
the  house,  and  by  the  use  of  various  kinds  of  burners  he  was 
enabled  to  display  something  of  that  variety  of  form  which 
may  be  given  to  the  flame.  His  exhibitions  proved  that  the 
intensity  of  coal  gas  rendered  it  less  liable  to  be  extinguished 
by  strong  and  sudden  gusts  of  wind,  and  he  also  showed  that 
if  properly  managed  the  burning  of  it  would  not  produce  smoke 
or  throw  out  sparks  such  as  often  fly  from  the  burning  wicks 
of  lamps  or  candles,  a  circumstance  which  rendered  gas  a  desir- 
able kind  of  light,  as  being  less  dangerous  in  its  use  than  either 
of  the  other  forms.  Afterwards  Winsor  moved  his  exhibitions 
to  Pall  Mall  where  early  in  1807  he  lighted  up  a  part  of  one 
side  of  a  street,  which  was  the  first  instance  of  this  kind  of  light 
being  applied  to  such  a  purpose,  and  to  him  therefore  belongs 
the  credit  of  initiating  the  system  of  public  gas  lighting. 

As  the  projector  of  the  National  Light  &  Heat  Company 
Winsor  is  stated  to  have  raised  nearly  £50,000  by  subscription 
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for  this  purpose,  all  of  which,  however,  was  squandered  upon 
commercially  unproductive  experiments. 

In  1809  Winsor  projected  a  new  Light  and  Heat  Company 
and  applied  to  Parliament  for  an  act  to  incorporate  it.  This  is 
an  important  fact  in  the  history  of  the  gas  industry,  for  it  was 
the  foundation  of  the  London  &  Westminster  Chartered  Gas- 
Light  &  Coke  Company.  The  capital  proposed  to  be  raised  at 
this  time  was  £200,000.  The  persons  who  applied  for  the  act 
had  many  difficulties  to  combat  arising  both  from  interest  and 
prejudice.  Their  projects  were  represented  as  visionary  and 
the  execution  of  them  fraught  with  considerable  danger.  'On 
this  occasion  they  were  opposed  by  Mr.  ^lurdoch  on  the  ground 
of  his  priority  of  right  to  the  discovery.  The  application  ter- 
minated unsuccessfully  partly  because  of  the  unfavorable  im- 
pressions produced  by  Winsor's  extravagant  claims.  Murdoch's 
opposition  to  Winsor  resulted  in  Parliament  protecting  the  ap- 
pliance manufacturers  against  possible  competition  by  the  light- 
ing company. 

In  1810  another  application  was  made  to  Parliament  by  the 
same  parties  and  though  it  met  with  some  opposition  an  act 
was  passed  authorizing  His  Majesty  to  grant  them  a  charter 
within  three  years  from  the  time  of  passing  the  act. 

Thus  Winsor's  plan  of  a  National  Light  and  Coke  Company 
was  in  part  accomplished  by  the  formation  of  a  local  gas-light 
and  coke  company.  The  incorporation  of  this  company,  which 
occurred  in  April,  181 2,  the  centenary  of  which  we  celebrate, 
was  an  important  step  in  the  direction  of  placing  the  new  in- 
dustry upon  a  basis  that  promised  its  permanent  establishment 
knd  increased  the  probability  of  its  ultimate  success.  Expe- 
rience had  already  proved  that  the  resources  of  the  individual 
were  inadequate  to  cope  successfully  with  undertakings  of  such 
magnitude  and  cost.  From  calculations  as  well  as  from  actual 
surveys  that  were  made  it  appeared  that  the  expense  of  laying 
down  pipes  for  the  city  of  Westminster  alone  would  be  £150,000 
without  including  any  other  expense. 

In  1 81 3  Westminster  Bridge  was  lighted  with  gas.  About 
this  time,  the  City  of  London  Gas-Light  Company  was  estab- 
lished, and  two  others  were  projected  for  the  metropolis,  one  of 
them  in  Southwark  and  the  other  in  the  eastern  district. 

From  the  time  of  the  formation  of  the  Chartered  Gas-Light 
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and  Coke  Company  to  the  year  1813,  experiments  had  been 
carried  on  by  Messrs.  Winsor,  Accum  &  Hargraves,  at  which 
time  the  company  was  almost  on  the  point  of  dissolution. 

Samuel  Clegg-  was  engaged  as  engineer  of  the  Company,  he 
having  been  educated  as  an  engineer  in  Boulton  &  Watt's 
foundry,  at  which  time  his  attention  was  first  directed  to  the 
practicability  of  distilling  gas  from  coal  when  assisting  in  the 
illumination  of  the  Soho  manufactory. 

In  181 5  Clegg  invented  and  patented  the  gas  meter  and 
governor.  The  first  meter  consisted  of  two  large  bladders 
filled  alternately  with  gas  and  contained  in  two  cases  weighted 
to  a  certain  pressure,  the  valves  being  sealed  with  quick-silver. 

Though  credit  for  the  original  invention  and  construction 
of  the  gas  meter  belongs  to  Clegg  it  has  been  very  materially 
improved  by  Samuel  Crosley  and  John  Malam. 

It  is  to  the  introduction  of  this  simple  instrument,  now  in 
universal  use,  that  a  great  deal  of  the  success  of  gas-lighting 
must  be  attributed. 

Thus  Mr.  Clegg  seems  to  have  been  the  pioneer  in  many  of 
the  important  inventions  connected  with  gas-lighting.  Besides 
the  gas  meter  he  introduced  the  cylindrical  gas  holder  and  an 
automatic  pressure  regulating  device.  It  is  he  also  who  was 
chiefly  responsible  for  the  success  of  the  original  Chartered 
Gas-Light  and  Coke  Company,  and  he  was  the  first  man  to  com- 
mercialize city  gas  lighting  on  a  large  scale. 

In  1816  gas  had  become  very  common  in  the  City  of  London. 

Paris  was  first  lighted  by  gas  in  1820. 

In  1833  the  French  National  Gas  Company  was  projected 
for  lighting  Boulogne-Sur-Mer.  The  capital  of  £10,000  being 
too  small  the  Company  was  taken  over  by  the  European  Gas 
Company  and  capitalized  for  £200,000  for  the  purpose  of  light- 
ing other  European  towns. 

Gas  was  used  at  Havre,  Caen  and  Amiens  in  1835 — ^^ 
Nantes  and  Rouen  in  1846.  The  plants  for  all  of  these  gas 
works  were  sent  from  England. 

Before  the  second  London  company  was  chartered  our  own 
City  of  Baltimore  granted  a  charter  to  the  first  company  to  be 
regularlv  organized  for  the  purpose  of  exploiting  gas  for  the 
illumination  of  streets  and  cities  in  America. 
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Gas  chronology  tells  us  that  Baltimore  was  not  only  the 
first  city  in  this  country  to  be  lighted  with  gas,  but  that  it  was 
also  the  first  city  in  which  gas  meters  were  manufactured  in 
the  United  States,  and  gives  the  name  of  Samuel  Hill  as  the 
meter  maker. 

A  brief  historical  summar}^  of  gas  development  in  the 
United  States  is  given  in  the  U.  S.  census  reports  for  1900, 
from  which  the  following  is  adduced : 

The  history  of  the  gas  industry  in  this  country  dates  from 
1806,  at  which  time  David  Melville,  of  Newport,  R.  I.,  hghted 
his  premises  by  means  of  coal  gas  which  he  had  manufactured 
thereon.  This  took  place  nine  years  after  the  experiments  in 
England.  The  apparatus  as  used  by  Melville  was  necessarily 
crude,  but  underwent  improvements  from  time  to  time  until, 
in  1 81 3,  he  secured  a  patent  and  later  used  gas  for  the  lighting 
of  a  cotton  mill  in  Watertown,  Mass.  Gas  was  also  used  at 
about  this  time  in  a  mill  near  Providence,  R.  I.,  and  was  em- 
ployed in  1 81 7  as  an  illuminant  in  a  light-house.  The  growth 
of  the  industry'  was  at  first  slow,  but  with  the  advances  in  the 
details  of  the  construction  and  operation  of  gas  plants,  the 
improvement  and  development  of  special  tools  and  appliances, 
and  the  increasing  knowledge  gained  by  experience  of  the  laws 
of  physics  involved,  there  came  a  much  more  rapid  growth.  As 
early  as  1816  a  company  was  chartered  in  Baltimore,  Md.,  foK 
lowed  in  1821  by  the  formation  of  a  Company  in  Boston,  Mass. 
New  York  City  adopted  gas  lighting  in  1823  and  several  years 
later  companies  were  formed  in  Brooklyn,  N.  Y.,  and  Bristol, 
R.  I.  New  Orleans  adopted  gas  about  1835,  twenty-nine  years 
after  Melville  introduced  the  new  illuminant  in  this  country. 

A  proposition  to  light  Philadelphia  with  gas  was  made  in 
1803,  and  a  similar  one  was  made  in  181 7,  but  both  offers  were 
rejected.  Repeated  efforts  were  made  thereafter  looking  to  the 
lighting  of  the  city  with  gas,  but  it  was  not  until  March  21, 
1835,  that  an  ordinance  was  passed  providing  for  the  construc- 
tion of  the  works.    The  plant  was  completed  Feb.  8,  1836.    • 

OBJECTIONS  raised  TO  THE  INTRODUCTION  OF  GAS. 

Like  most  inventions,  gas  lighting  was  not  at  first  taken 
seriously.     It  seemed  to  the  American  and  European  world  of 
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1800  to  be  on  a  par  with  the  Laputan  philosopher's  scheme  for 
making  sunshine  out  of  cucumbers.  People  were  afraid  of  this 
"  burning  air,"  as  it  was  called,  and  could  not  be  convinced  that 
fire  or  explosion  would  not  be  the  inevitable  result  of  its  general 
use.  When  that  daring  New  Yorker,  Samuel  Leggett,  first 
lighted  his  house,  No.  7  Cherry  Street,  with  gas,  people  stood  at 
a  respectful  distance  and  looked  at  it  much  as  they  might  have 
looked  at  the  witches  dancing  in  Kirk  Alloway. 

In  Europe  the  prejudice  against  gas  lighting  at  the  time  of 
its  introduction  was  equally  strong.  Napoleon  ridiculed  it  and 
said  "  C'est  une  grande  folie."  In  1803,  Sir  Walter  Scott  wrote 
to  a  friend :  "  There  is  a  madman  proposing  to  light  London 
with — what  do  you  think?  why,  with  smoke!  "  Yet  Scott  him- 
self had  Abbotsford  piped  for  gas  not  many  years  later.  Clegg 
gives  an  account  of  the  horrors  of  the  lamp-lighters  when  they 
first  beheld  the  burning  gas  and  how  he  was  obliged  to  light 
the  lamps  himself  for  some  time  on  account  of  the  fears  of  the 
people.  Even  such  men  as  Sir  Humphry  Davy  and  Sir  Joseph 
Banks  were  unable  for  many  years  after  this  to  overcome  the 
prejudice  which  existed  in  their  own  minds  concerning  it  and 
they  thought  the  scheme  a  wild  and  dangerous  one. 

Another  concrete  instance  of  this  prejudice  can  be  cited  right 
here  in  Philadelphia.  On  November  28,  1833,  a  petition  signed 
by  several  hundred  of  the  excellent  people  of  this  city  was  ad- 
dressed to  "  The  Honorable  the  Select  and  Common  Councils 
of  the  City  of  Philadelphia,"  protesting  against  the  use  of  gas, 
in  the  following  terms  : 

"  Gentlemen  :  The  subscribers  beg  leave  respectfully  to  remonstrate 
against  the  plan  now  in  agitation  for  Lighting  the  City  with  Gas,  as  they 
consider  it  a  most  inexpedient,  offensive,  and  dangerous  mode  of  lighting. 
In  saying  this  they  are  fully  sustained  by  the  accounts  of  Explosions,  Loss 
of  Life,  and  great  destruction  of  property,  where  this  mode  of  lighting  has 
been  adopted. 

"  We  consider  Gas  to  be  an  article  as  Ignitable  as  Gunpowder,  and 
nearly  as  fatal  in  its  eflfects ;  as  regard  the  immense  destruction  of  property, 
we  believe  the  vast  number  of  fires  in  New  York,  and  other  cities,  may  be 
in  a  great  measure  ascribed  to  this  mode  of  lighting;  the  leakage  of  pipes 
and  carelessness  of  stopping  oflF  the  Gas,  furnish  almost  daily  instances 
of  its  destructive  eflfects.  And  when  we  consider  that  this  Powerful  and 
Destructive  Agent  must  necessarily  be  often  left  to  the  care  of  youth, 
domestics  and  careless  people,  we  only  wonder  that  the  consequences  have 
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not  been  more  Appalling.  It  is  also  an  uncertain  light,  sometimes  sud- 
denly disappearing  and  leaving  streets  and  houses  in  total  darkness. 

"  The  waters  of  the  Delaware  and  Schuylkill,  now  considered  the  most 
pure  and  salubrious  in  the  world,  as  many  long  voyages  have  fully  tested, 
must  soon,  we  fear,  experience  the  deterioration  which  has  reduced  the 
Water  of  the  Thames  to  the  present  impure  and  unhealthy  state,  for  no 
reservoir  will  be  able  to  contain  the  immense  fetid  drains  from  such  an 
establishment,  and  very  soon  the  rivers  must  be  their  receptacle,  to  the 
destruction  of  the  immense  Shoals  of  Shad,  Herring,  and  other  fish  with 
which  they  abound ;  the  same  cause  must  produce  like  effects.  Salmon, 
smelts  and  other  fish,  formerly  caught  in  vast  quantities  in  the  Thames, 
have  nearly  all  disappeared ;  the  constant  digging  up  of  the  streets,  the 
circumstance  of  the  gas  pipes  which  at  the  intersection  of  each  square  must 
come  in  contact  with  the  water  pipes,  are  difficulties  and  evils  which  we 
would  anxiously  avoid. 

"  In  conclusion  we  earnestly  solicit  that  the  lighting  of  our  city  with 
oil  may  be  continued. 

"  And  your  petitioners,  etc.,  etc." 

If  the  signers  of  this  petition  could  appear  upon  the  scene 
to-day  and  witness  the  splendid  achievements  of  gas  under  the 
management  of  your  great  Philadelphia  company,  I  am  sure 
they  would  be  in  favor  of  the  "  recall,"  at  least  in  so  far  as  it 
applied  to  their  petition. 

But  the  opposition  to  the  use  of  gas  should  not  surprise  us. 
It  seems  to  be  a  fundamental  trait  of  human  nature  to  oppose, 
for  a  time,  everything  that  is  new.  Coal  had  the  same  preju- 
dice to  overcome.  In  the  year  1306  the  use  of  coal  in  the  place 
of  dry  wood  and  charcoal  by  brewers,  dyers  and  other  artificers 
employing  great  fires  was  prohibited  by  proclamation  at  London. 
It  was  held  that  the  products  of  its  combustion,  smell  and  smoke 
were  prejudicial  to  health  and  hurtful  to  vegetation.  Its  use 
was  made  a  capital  offense,  and  we  are  told  that  a  man  was 
actually  executed  for  burning  coal  within  the  metropolis.  What 
a  boon  such  a  law  would  be  to  the  gas  companies  to-day ! 

It  does  not  take  long,  however,  for  human  nature  to  get  used 
to  novelty,  but  remarkable  it  certainly  is,  considering  the  diffi- 
culties of  communication  and  the  meager  resources  of  a  new 
country,  that  America  was  but  little  behind  Europe  in  the  use 
of  gas. 

The  history  of  the  pioneer  gas  companies  of  this  country 
shows  that  in  addition  to,  and  to  a  considerable  extent  because 
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of,  the  prejudice  that  existed  against  the  new  and  supposedly 
dangerous  illuminant,  it  was  a  very  difficult  matter  to  secure  the 
necessary  capital  to  erect  and  operate  the  plants,  and  it  was  some 
time  before  the  industry  was  established  on  a  commercially 
sound  and  profitable  basis. 

Gas  as  an  illuminant  has  had  several  competitors  which  at  the 
time  of  their  appearance  in  the  field  threatened  its  existence.  In 
the  early  days  of  the  industry  the  gas  manufactured  had  an 
illuminating  value  of  about  15  to  17  candle  power.  Compared 
with  the  light  of  candles  or  of  the  crude  whale  oil  then  in  use 
it  was  considered  a  wonderful  illuminant.  This  superiority  was 
soon  threatened,  however,  by  the  introduction  of  kerosene  and  im- 
proved oil  lamps,  the  general  use  of  which  interfered  seriously 
with  the  rapid  increase  of  the  sale  of  gas. 

These  conditions  would  have  greatly  retarded  the  growth  of 
the  industry  had  not  the  problem  been  solved  by  Du  Motay  and 
Lowe,  the  former  a  Frenchman  and  the  latter  an  American,  who 
independently  of  each  other  were  carrying  on  experiments  which 
were  to  result  in  the  introduction  of  the  so-called  water-gas. 
The  investigations  of  both  Du  Motay  and  Lowe  were  conducted 
in  this  country,  so  that  the  development  of  the  water  gas  in- 
dustry is  purely  American.  The  first  plant  using  the  Lowe 
process  was  erected  at  Phoenixville,  Pa.,  in  1873.  ^^  present, 
although  the  exact  figures  are  not  available,  the  census  reports 
indicate  that  the  amount  of  water  gas  sold  for  public  use  is  in 
the  neighborhood  of  75  per  cent,  of  the  entire  quantity  of  gas 
sold. 

The  advent  of  electricity  for  lighting  purposes  did  not,  as 
some  might  suppose,  check  the  progress  of  gas.  On  the  con- 
trary, as  has  been  the  history  where  improved  methods  of  light- 
ing have  developed,  both  kinds  of  lighting  profited  by  the  in- 
creased efficiency;  and  since  the  introduction  of  the  incandescent, 
mantle,  notwithstanding  that  the  resultant  yield  of  illumination 
per  cubic  foot  consumed  was  practically  quadrupled,  the  reduc- 
tion of  gas  output  did  not  follow;  but,  on  the  contrarv^  vastly 
increased.  The  development  of  high-pressure  incandescent 
lighting  systems,  such  as  are  in  vogue  in  the  leading  European 
cities,  is  another  movement  which  bids  fair  to  keep  the  gas  in- 
dustry to  the  fore. , 
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production  and  prices. 

The  trend  of  prices  for  gas  has  been  steadily  downward 
from  the  beginning.  In  New  York  City,  for  instance,  the  price 
in  1826  was  $10.00  per  thousand  cu.  ft.;  in  1846,  $6.00;  in 
1866,  $3.50;  in  1886,  $1.25;  in  1897,  $1.20;  in  1898,  $1.15;  in 
1899,  $1.10;  in  1900,  $1.05;  in  1901,  $1.00;  in  1906,  80c.,  the 
present  rate.  These  reductions  have  been  made  possible  by 
various  economies  in  production,  and  particularly  by  the  more 
extended  utilization  of  by-products  and  by  promoting  the  use  of 
gas  for  domestic  and  industrial  purposes. 

Neither  gas  nor  electric  light  has  been  a  factor  in  the  in- 
creased cost  of  living  of  which  we  hear  so  much.  The  Massa- 
chusetts Commission  on  Cost  of  Living  reported  that  the  average 
price  for  gas  in  that  State  in  1890  was  $1.46  per  thousand  cu. 
ft.,  and  in  1909  91.4c.,  a  decrease  of  36.4  per  cent,  in  the  period. 
The  Commission  also  reported  an  increase  in  the  prices  of  twelve 
staple  commodities  from  1897  to  1910  of  51.7  per  cent.  Dur- 
ing the  same  period  wages  also  underwent  a  marked  increase. 
If  the  experience  of  Massachusetts  may  be  taken  as  fairly  rep- 
resentative of  the  country  at  large,  it  shows  that  in  a  period  of 
steadily  advancing  prices,  both  for  commodities  and  for  labor, 
the  public  has  had  the  advantage  of  a  steadily  diminishing  price 
of  gas  for  all  purposes. 

The  output  of  gas  has  been  continually  on  the  increase,  not- 
withstanding the  competition  from  electricity.  From  the  sub- 
joined table  it  appears  that  in  1898  the  companies  reporting 
showed  total  sales  of  18,431,200,000  cu.  ft.,  for  which  $21,502,- 
325  was  received,  an  average  price  of  about  $i-i7  per  thousand. 
Ten  years  later,  1908,  the  companies  reporting  showed  total 
sales  of  156,909,310,000  cu.  ft.,  for  which  $133,571,122  was  re- 
ceived, an  average  price  of  85c.  per  thousand. 

The  growth  in  gas  output  as  compared  w'ith  the  growth  in 
population  shows  that  the  gas  sales  in  large  cities  grow  almost 
twice  as  fast  as  the  population.  For  instance,  in  four  great  bor- 
oughs of  New  York  City  the  1890  census  and  19 10  census  com- 
pared show  an  increase  in  population  of  90.6  per  cent,  in  the  20 
years,  while  the  increase  in  gas  sales  in  the  17  years  from  1893 
to  1 910  was  164.6  per  cent.,  or,  relatively,  per  year  about  5  per 
cent,  for  population  and  9.67  per  cent,  for  gas. 
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GAS  SALES.* 

U.    S.   SALES   IN   CUBIC   FEET— AMOUNT   AND    PRICE 
PER  CUBIC  FEET. 


M 
Cubic  Feet. 

Total  M 
Cubic  Feet. 

Aver- 
age 
price 
per  M 
Cu.  Ft. 

Amount. 

Total 
Amount. 

433  Companies  Re- 
porting in  1898: 

Sold  for  Illuminat- 
ing   

Sold  for  Fuel 

15.955149 
2,476,051 

18,431,200 

$1,188 
1.029 

.92 

.98 

.73 
•65 

$18,955,149 
2,549,181 

$21,502,325 

552  Companies  Re- 

76,804,546 
26,542,951 

70,294,158 
26,049,063 

porting   in    1908 
(Oil   and   Water 
Gas): 

Sold  for  Illuminat- 
ing   

Sold  for  Fuel 

103.347.497 
53,561.813 

96,343,221 

506  Companies  Re- 
porting  in    1908 
(Coal  Gas) : 

Sold  for  Illuminat- 
ing   

Sold  for  Fuel 

32,485,571 
21,076,242 

22,599.930 
13,627,971 

37,227,901 

Total  Coal  and 
Water  Gas  Sold 

156.909.310 

$133,571,122 

COMPARATIVE  STATISTICS— FOUR  BOROUGHS  OF 
NEW  YORK  CITY. 

Population : 

1890:  Manhattan    1,441,216 

Bronx 88,908 

Brooklyn    838,547 

Queens     87,050 


2,455,721 

1910:  Manhattan   2,331,542 

Bronx    430,980 

Brooklyn    1,634,351 

Queens     284,041     4,680,914 


Gain  in  20  years — 4  Boroughs..     2,225,193=   90.6% 


*  Compiled  from  report  of  Dept.  of  the  Interior,  U.  S.  Geological  Sur- 
vey— 1902  and  1908 — E.  W.  Parker. 
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Gas  Output:  :M  cu.  ft.     ^I  cu.  ft. 

1893:  ^lanhattan   &   Bronx.  .  11,343,000 

Brooklyn  &  Queens   .  .    3,439,000  14,792,000 


1910:  Manhattan  &   Bronx.  .27,217,105 

Brooklyn  &  Queens   ..11,900,000  39,117,105 


Gain  in  17  years    24,335,105  =  164.6% 

Population  in  four  boroughs — 4,680,914. 
Sales  in  four  boroughs — 39,117,105,000  cu.  ft. 
8,350  cu.  ft.  per  capita  per  annum. 

gas  securities. 

Gas  has  unquestionably  for  many  years  been  a  staple  com- 
modity and  its  growing  field  of  usefulness  in  industrial  work 
as  well  as  for  cooking,  heating  and  other  domestic  purposes, 
has  given  gas  securities  a  standing  and  stability  hardly  ap- 
proached by  any  other  class  of  investment.  As  has  been  shown, 
its  ratio  in  increased  output  far  exceeds  the  ratio  of  growth  of 
population;  for  instance,  the  United  States  Census  shows  an 
increase  in  the  decade  from  1900  to  19 10  of  about  21  per  cent. 
In  about  one-third  of  this  time,  that  is,  from  1905  to  1908  the 
sales  of  gas  increased  from  117,866,000,000  cubic  feet  to  156,- 
909.000.000  cubic  feet,  an  increase  of  39,043,000,000  cubic  feet, 
or  33  per  cent,  in  three  years.  This  would  indicate  an  approxi- 
mate increase  of  100  per  cent,  in  the  decade  or  five  times  the  ratio 
of  increase  given  for  the  population,  from  which  we  may  con- 
clude that  gas  securities  are  destined  to  maintain  their  high  place 
as  desirable  investments. 

It  is  claimed  that  no  other  class  of  bonds  shows  such  a  small 
percentage  of  defaults  as  gas  securities.  Quoting  from  a  recent 
article  in  one  of  the  financial  journals  we  have  the  following: 

"  Gas  bonds  have  a  first  class  record  for  safety ;  they  are  usually  se- 
cured by  a  mortgage  on  all  the  property  rights  and  franchises  of  the  com- 
pany issuing  it. 

"  The  condition  and  value  of  the  property  are  passed  upon  by  competent 
gas  and  mechanical  engineers  before  the  bonds  are  issued. 

"  The  bonds  are  issued  only  with  the  approval  of  a  trust  company, 
which  is  the  trustee,  after  the  trust  companies  have  decided  that  the  bonds 
may   be   issued   in   accordance   with   the   terms    of  the   mortgage   and   trust 
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deed.  A  gas  company  operates  under  the  franchise  or  Hcense  of  a  city 
and  usually  only  one  company  serves  one  community.  It  is  a  '  necessity ' 
and  the  residents  of  the  community  use  gas  for  cooking  and  lighting  with 
practically  the  same  certainty  that  they  pay  taxes  or  use  the  utilities  fur- 
nished by  the  municipality  itself.  The  business  is  operated  on  a  broad 
foundation,  relying  on  a  small  profit  from  many  customers  rather  than  a 
large  profit  from  a  few." 

A  Study  of  the  gross  and  net  earnings  of  lighting  companies 
shows  that  the  effect  of  periods  of  commercial  depression  such 
as  were  experienced  in  1907  and  1908  is  slight  as  compared  with 
the  effect  upon  the  earnings  of  general  industrials.  The  varia- 
tion between  the  two  is  very  marked  for  such  periods,  the  earn- 
ings of  lighting  companies  showing  a  material  gain,  while  those 
of  general  industrials  show  a  decided  falling  off. 

A  tabulation  covering  three  years  for  sixty-one  prominent 
cities  in  the  United  States,  all  of  which  have  well  established 
sources  of  electrical  supply,  shows  an  increase  in  gas  consump- 
tion from  1899  to  1902  of  31  per  cent.  In  its  widening  field  for 
industrial  purposes,  two  powerful  factors  work  for  its  develop- 
ment, the  first  of  which  is  the  fact  that  it  requires  no  space  for 
storage  on  the  users'  premises.  Secondly,  it  is  smokeless  and 
eliminates  the  troublesome  factors  encoimtered  in  almost  all 
other  fuels — the  handling  of  the  fuel  itself,  incidental  refuse, 
ashes,  and  the  like. 

In  view,  therefore,  of  the  position  of  the  gas  industry,  its 
continued  growth  and  the  variety  of  purposes  to  which  its  serv- 
ices may  be  put,  it  is  fair  to  predict  that,  properly  operated  and 
with  constant  provision  for  invention  and  improvement,  the 
business  will  steadily  increase. 

SOME  AGENCIES  FOR  PROMOTING  THE  SALE  OF  GAS. 

No  discussion  of  the  subject  that  has  been  assigned  me  in 
this  series  would  be  complete  without  a  reference  to  the  work 
of  the  National  Commercial  Gas  Association  which  forms  a  most 
important  connecting  link  between  the  producer  of  gas  and  the 
user. 

It  is  conceded  that  a  material  factor  in  reducing  the  cost  of 
gas  production  is  increasing  the  output. 

It  is  of  course  of  vital  importance  that  the  product  of  the 
plant  shall  be  of  the  required  quality  and  that  its  manufacture 
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and  distribution  shall  be  at  the  minimum  cost  consistent  with 
quality  requirements.  This  is  certainly  worthy  of  the  best 
thought  and  effort  of  the  technical  man,  and  this  work  is  likely 
to  make  such  a  demand  upon  his  time  as  to  preclude  the  pos- 
sibility of  his  devoting  any  considerable  attention  to  the  com- 
mercial problems  connected  with  the  industry. 

Salesmanship  has  become  a  science,  and  interchange  of  ideas 
and  the  discussion  of  ways  and  means  for  selling  the  engineers' 
product,  make  the  importance  of  Commercial  Gas  Associations 
loom  very  large  in  the  gas  world  of  to-day,  as  it  is  mainly 
through  the  development  and  extension  of  this  arm  of  the  in- 
dustry that  the  problem  of  enlarging  the  field  of  usefulness  of 
gas  must  be  solved. 

It  is  with  us  as  with  other  industries,  if  we  are  to  have  the 
highest  efficiency,  it  must  be  through  specialization.  I  believe 
the  money  of  the  gas  company  is  well  spent  when  it  develops 
specialists  in  the  selling  line,  and  this  brings  to  mind  the  fact 
that  a  close  observation  should  be  kept  over  the  office  man  to 
see  that  those  who  deal  with  the  public  are  sufficiently  well  in- 
formed and  have  the  capacity  to  supplement  thoroughly  the 
salesman's  work  and  to  deal  w4th  the  public  in  a  satisfactory 
manner. 

The  commercial  gas  men  have  inaugurated  aggressive  selling 
campaigns,  have  instituted  schools  of  salesmanship  and  have 
brought  together  the  manufacturer,  seller  and  user  of  gas  appli- 
ances at  their  conventions,  an  important  feature  of  which  is  the 
exhibition  and  demonstration  of  the  latest  and  best  gas-using 
devices.  I  am  informed  that  a  Commercial  Gas  Association  has 
been  formed  in  London  similar  to  that  in  this  country. 

I  am  also  a  firm  believer  in  the  value  to  lighting  companies 
of  newspaper  publicity ;  that  is,  going  direct  to  the  public  through 
the  advertising  columns  of  the  daily  papers,  telling  in  a  plain, 
straightforward  way  of  our  product  and  our  service,  explaining 
the  things  which  to  the  trained  gas-man  may  seem  rather  ele- 
mentary^ but  which  to  the  average  man  are  more  or  less  of  a 
mystery.  I  know  of  nothing  that  is  more  promotive  of  good 
relations  between  the  gas  company  and  the  public  than  a  frank 
declaration  of  the  principles  and  policies  of  the  company,  as  a 
public  service  corporation,  made  without  reservation  and  thor- 
oughly lived  up  to.     Following  the  establishment  in  this  way  of 
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a  broad  foundation  of  confidence,  the  company  may  advertise 
special  appliances  or  particular  features  of  its  service,  of  the 
more  strictly  "  business-getting "  sort,  with  the  certainty  that 
the  returns  will  amply  justify  the  expenditure. 

But  even  to-day  a  man  ushered  into  the  lighting  world  faces 
a  field  filled  with  skeptics.  In  the  minds  of  many  there  is  an 
inherent  feeling  of  bias  against  the  lighting  man,  primarily  per- 
haps by  reason  of  the  fact  that  the  average  individual  has  no 
conception  of  the  commodity  we  sell,  its  manufacture,  the  im- 
mensity of  the  time,  money,  energy  and  skill  required  to  build 
up  a  gas  lighting  business;  and  this  feeling  of  distrust  is  au§[- 
mented  by  the  fact  that  the  commodity  is  of  so  intangible  a 
nature  that  the  buyer  of  it  has  no  visual  knowledge  of  its  com- 
ing into  his  possession  as  a  commodity;  to  the  average  man, 
selling  gas  is  a  thing  apart  from  selling  light.  The  commercial 
proposition  of  selling  our  commodity  is  further  handicapped  in 
the  operation  of  selling  as  compared  with  other  products  which 
may  be  shown  by  the  seller.  It  lacks  attractiveness  in  display, 
in  fact  has  none  itself,  cannot  be  basketed  and  bundled  up  and 
carried  away  by  the  user  who  has  chosen 'his  purchase  for  its 
attractive  appearance,  has  seen  it  measured  by  the  yard  or  bushel, 
or  weighed  by  the  pound  and  taken  in  the  hand  and  carried  to 
the  house.  The  gas-man  has  also  inherited  a  deep  seated  an- 
tipathy of  the  user  of  his  product  by  reason  of  the  uncommercial 
methods  of  many  of  his  predecessors  in  the  business.  Dealing 
as  we  do  with  all  classes,  all  nationalities,  all  grades  of  people, 
and  with  those  who  to  a  great  extent  commenced  doing  busi- 
ness with  us  with  this  inherited  prejudice,  we  are  at  once  put 
upon  the  defensive.  In  dealing  with  the  commercial  proposi- 
tion we  must  make  a  large  portion  of  our  work  the  uprooting 
of  this  prejudice,  and  this  does  not  demand  so  much  of  our 
engineers  and  gas  makers  as  it  does  of  our  commercial  depart- 
ment men,  those  who  meet  the  public  and  who  are  large  factors 
in  our  service.  And  this  word  service  should  show  up  large 
before  the  employee  of  any  public  utility  corporation.  The  short- 
comings of  a  supply  as  to  pressure,  candle-power  efficiency  and 
other  essentials,  are  apt  to  be  the  matter  of  a  moment  and  when 
remedied  in  a  gracious  manner  leave  no  rankling;  but  the  short- 
comings which  are  evident  in  poor  service,  brought  about  by 
inattention,  neglect,  or  slipshod  methods,  are  not  so  easilv  effaced 
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from  the  consumer's  mind ;  so  I  say  that  this  word  service  should 
be  writ  large  in  the  mind  of  every  worker  for  a  public  utility 
corporation.  Some  of  our  forbears  did  not  appreciate  this  end 
of  the  business  as  vital  to  the  commercial  success  of  our  indus- 
try, but  we  are  getting  away  from  old-fashioned  methods  and 
we  feel  that  we  have  made  great  strides  in  this  direction  in  the 
last  few  years. 

When  one  reflects  upon  the  truism  that  "  one  man  on  the 
block  makes  public  opinion  "  and  that  there  is  large  probability 
of  there  being  at  least  one  unreasonable  individual  living  wnthin 
the  area  of  a  city  block,  it  is  not  strange,  in  view  of  the  fact 
that  the  satisfied  gas  consumer  does  not  go  to  the  trouble  of 
annoimcing  his  satisfaction  from  the  housetop,  that  is,  not  to  the 
extent  of  disturbing  his  neighbors  or  keeping  them  awake  with 
his  joyous  ebullitions,  that  the  gas  man  is  on  the  defensive  a 
very  considerable  part  of  the  business  day.  And  this  is  in  part 
because  the  gas  man  has  allowed  an  air  of  mystery  to  surround 
his  business.  He  has  not  given  enough  time  and  attention  to 
educational  work  amongst  his  patrons — has  not  tried  to  explain 
the  workings  of  that  mysterious  black  tin  box  in  the  cellar,  of 
which  the  average  consumer  stands  in  dread  and  to  whose  ear 
the  little  clicking  noise  of  its  mechanism  is  so  ominous.  Happily 
we  are  to-day  on  the  road  to  enlightening  our  customers  by  giv- 
ing to  our  employees  a  knowledge  of  these  common  things  of  the 
business,  of  which  up  to  a  comparatively  recent  time  they  were 
wofully  ignorant. 

importance  of  light  to  the  growth  of  cities. 

As  a  factor  in  the  growth  of  cities  it  is  generally  conceded 
that  the  lighting  company  is  a  positive  force  for  the  general 
good.  The  importance  of  its  work  of  providing  the  public  with 
more  and  better  Jight  is  appreciated  by  all  who  are  connected 
with  the  development  of  municipalities  and  particularly  of  sub- 
urban districts.  TKe  value  of  light  to  a  municipality  from  the 
purely  commercial  point  of  view  is  becoming  more  and  more 
recognized,  as  is  evidenced  by  the  agitation  among  merchants 
the  country  over  for  additional  street  and  store  illumination. 
These  tradesmen  know  well  the  value  of  illumination,  both  in 
the  matter  of  window  display  and  in  the  general  publicity  it 
attracts  to  the  lighted  district  and  to  the  city  as  a  whole. 


552  George  B.  Cortelyou. 

Light  is  the  world's  best  poHceman,  for  crime  instinctively 
seeks  the  shadows  and  the  dark  corners.  I  believe  that  many 
of  our  American  cities  could  find  no  better  way  of  co-operating 
with  the  efficient  police  bodies  they  have  than  by  thoroughly 
illuminating  the  communities  to  the  very  limit  of  municipal 
control. 

In  King's  Treatise  we  are  given  this  interesting  information 
concerning  the  early  days  of  gas  lighting: 

"  The  police  officers  from  Worship  Street  and  other  places  gave  evi- 
dence, of  the  great  utility  of  gas  lighting  in  preventing  robberies,  and  they 
also  mentioned  an  instance  where  perpetration  of  this  crime  had  been 
apprehended  by  its  aid.  Also  that  three-fifths  of  the  street  oil  lamps  were 
extinguished  before  midnight,  and  that  the  thieves  would  borrow  ladders 
from  lamp  lighters  for  the  purpose  of  committing  robberies." 

This  was  brought  out  in  connection  with  an  application  made 
in  London,  in  1816.  by  the  Chartered  Gas-Light  &  Coke  Com- 
pany for  an  increase  in  capital. 

THE    MODERN    GAS    COMPANY    IN    ITS    RELATION    TO    THE    PUBLIC 
AND   THE    MUNICIPALITY. 

As  a  necessity ;  as  a  convenience ;  as  a  promoter  of  trade ; 
and  as  a  source  of  good  or  ill-will  as  between  the  company  and 
the  community — the  last  named  largely  in  proportion  to  the 
degree  with  which  the  company's  affairs  are  conducted  with 
business  sagacity  and  common  sense.  It  is  a  public  service  cor- 
poration. Its  rights  and  the  rights  of  the  consumer  must  be 
safeguarded  if  both  are  to  realize  beneficial  results.  It  is  not  a 
one-sided  proposition ;  one  falls  unless  the  other  is  supported. 
They  are  inter-related ;  they  should  be  friends,  not  enemies.  It 
is  a  mischievous  interpretation  of  their  relations  that  groups 
all  the  wrongs  on  one  side  and  all  the  rights  op  the  other. 

To  repeat  before  such  a  representative  body  as  this  all  the 
arguments  for  the  company  and  for  the  consumer  is  not  my 
purpose,  nor  is  it  necessary  at  such  a  time.  It  is  sufficient  to 
say  that  the  relation  of  the  company  to  the  municipality  should 
be  characterized  by  integrity  and  efficiency  of  management  and 
fair  and  impartial  treatment  of  all  who  do  business  with  it 
In  turn,  when  the  public  is  fairly  and  efficiently  served,  that  is, 
with  the  best  service  at  the  lowest  rates  compatible  with  a  just 
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estimate  of  their  respective  relations,  the  mtinicipahty  should 
support  and  encourage  the  company.  As  I  have  said  upon 
another  occasion,  the  public  is  less  concerned  with  the  precise 
rate  it  pays  than  it  is  with  having  thoroughly  efficient  service. 
If  the  company  is  honestly  conducted  and  its  affairs  are  given 
that  degree  of  publicity  which  is  proper  and  is  the  public's  due, 
it  does  not  begrudge  to  the  company  adequate  returns,  nor  will 
it  yield  to  the  screamings  of  the  demagogue  and  the  self-seeker 
when  he  misrepresents  the  facts  or  encourages  unjust  attacks. 
On  their  side  the  companies  must  keep  out  of  politics,  and  the 
mystery  of  management  must  become  less  of  an  obsession  with 
those  who  have  important  undertakings  of  this  character  en- 
trusted to  their  hands. 

Of  course  all  this  presupposes  a  full  recognition  of  the  rights 
of  employees.  No  company  will  have  permanent  success,  or  de- 
serve to  have  it,  unless  those  whose  labor  has  so  vitally  to  do 
with  the  enterprise  are  regarded  as  an  integral  part  of  it.  Ade- 
quate wages,  reasonable  hours,  generous  treatment  all  along  the 
line,  with  a  system  of  management  that  encourages  to  the  highest 
possible  degree  the  spirit  of  the  individual  worker,  are  all  their 
due  and  are  recognized  by  the  enlightened  corporation. 

If  there  is  one  thing  more  than  another  that  is  a  menace  to 
industrial  progress,  I  believe  it  is  the  untenable  position  as- 
sumed by  some  extremists  who  would  limit  the  return  allowed 
to  such  corporations  as  those  which  are  of  the  public  utility  class 
to  a  rate  so  low  that  it  either  barely  equals  the  legal  rate  of  in- 
terest, or,  taking  into  account  the  varying  factors  that  must  be 
considered  in  the  case  of  each  company,  a  rate  that  is  practically 
but  a  fraction  above  confiscation.  To  induce  original  invest- 
ment and  development,  to  insure  progress  after  establishment, 
to  safeguard  both  the  company  and  the  community,  a  return  not 
merely  theoretically  but  actually  fair  and  liberal  must  be  per- 
mitted if  the  normal  laws  of  trade  are  still  in  effect,  and  we 
believe  that  they  are. 

It  should  be  remembered  that  when  franchises  were  granted 
to  public  utility  companies  they  were  granted  with  the  idea  that 
a  service  absolutely  essential  to  the  growth  of  the  community 
was  to  be  provided,  and  it  must  also  be  remembered  that  in  many 
•cases  those  who  obtained  these  privileges  or  franchises  faced  a 
;serious  risk  in  making  their  investment,  that  there  was  no  as- 
VoL.  CLXXIII,  No.  1038—41. 
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surance  that  an  adequate  return  would  be  forthcoming  for  the 
money  and  energy  expended  in  the  building  up  of  the  service. 

A  factor  which  the  unthinking  man  should  have  brought  to 
his  notice  when  the  supposed  enormous  profits  accruing  to  light- 
ing companies  are  discussed,  is  the  ratio  between  investment 
and  gross  income.  Investigations  show  that  the  annual  gas 
sales  of  many  of  the  companies  do  not  exceed  $15  for  each  $100 
of  investment.  It  must  not  be  inferred  from  this  that  these 
companies  make  $15  per  year  on  every  $100  investment,  but  that 
their  actual  sales  each  year  amount  to  but  about  one-seventh 
of  the  money  invested.  This  would  indicate  an  investment  of 
$7.00  for  each  1000  feet  of  annual  sales  'at  $1.00  per  M  ap- 
proximately. In  other  lines  of  business  it  is  expected  to  turn 
over  the  capital  once,  twice  or  three  times  a  year,  but  here  is  a 
business  in  which  millions  are  invested  in  which  the  capital  is 
turned  over  only  once  in  about  seven  years. 

It  has  come  to  be  well-nigh  axiomatic  in  the  gas  industry 
that  each  company  must  be  considered  on  its  merits,  that  hard- 
ship and  injustice  result  when  one  company  is  expected  to  meet 
all  the  requirements  of  the  business  under  the  same  restrictions 
as  every  other.  Engineering  difficulties,  extent  of  territory, 
character  of  population,  maximum  demand  and  a  number  of 
other  considerations  must  in  each  instance- be  given  their  fair 
and  proportionate  bearing  upon  the  entire  problem. 

But  we  cannot  expect  all  of  the  desirable  factors  to  which 
I  have  alluded  to  be.  fully  developed  at  once;  substantial  and 
permanent  progress  in  any  industry,  in  any  line  of  human  en- 
deavor, is  usually  of  slow  growth.  But  we  can  work  toward 
them  with  the  certainty  that  the  material  returns  will  be  grati- 
fying, and  that  we  shall  be  contributing,  if  only  in  a  slight 
degree,  to  the  establishment  of  efficiency  and  equity  and  justice 
in  our  commercial  transactions. 

FRANCHISES. 

An  official  of  one  of  the  largest  and  most  active  of  our 
American  companies  dealing  in  and  having  to  do  with  the  man- 
agement of  public  utilities,  Mr.  Arthur  S.  Huey,  quite  recently 
gave  utterance  to  some  suggestions  on  the  subject  of  franchises 
that  will  bear  frequent  repetition,  and  I  am  presuming  upon  his 
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courtesy  in  embodying  them  in  this  paper.  They  were  con- 
tributed to  a  well-known  publication  a  few  months  ago  and  ad- 
mirably voice  the  sentiments  of  progressive  managers.     Said  he: 

"  The  principal  obligations  of  both  parties  to  a  franchise  should  be — 

On  the  part  of  the  Utility  Company: 

1st.  Rendering  of  good,  adequate,  and  continuous  service. 

2nd.  Fair  and  reasonable  rate  schedules. 

3rd.  No  discrimination  among  consumers  of  the  same  class,  or  between 
classes  of  customers  for  like  service. 

4th.  Extension  of  service  into  all  populated  sections  of  the  municipality 
and  suburbs. 

5th.  Earnest  endeavor  to  market  the  greatest  possible  volume  of  service. 

6th.  Adoption  of  approved  inventions  and  developments  in  machinery 
and  apparatus. 

7th.  Sound  financial  management. 

8th.  A  high  standard  of  physical  maintenance. 

9th.  Public  spirited  attitude  in  all  matters  concerning  the  general  welfare 
and  advancement  of  the  community. 

lOth.  Broad  and  liberal  business  administration. 

nth.  Keeping  faith  with  the  people  in  all  agreements,  promises  and 
announcements. 

I2th.  Strict  obedience  to  law  and  no  partieipatioii  in  politics. 

On  the  part  of  the  public: 

I  St.  The  same  degree  of  confidence,  encouragement  and  respect  that 
one  business  man  accords  to  another,  that  any  citizen  expects  from  his 
neighbor. 

2nd.  Willingness  to  permit  a  fair  profit  on  the  capital,  energy,  ability 
and  risks  embodied  in  the  undertaking,  to  permit  a  profit  greater  than  mere 
interest  which  could  be  obtained  without  eflfort  or  hazard. 

3rd.  Disregard  of  attacks  by  popularity  seeking  agitators. 

4th.  Willingness  to  recognize  and  reward  improvements  in  service. 

5th.  Recognition  of  the  fact  that  the  operation  of  utilities  differs  funda- 
mentally from  merchandizing  or  manufacturing. 

6th.  Reasonableness  in  demanding  large  capital  outlay  for  improve- 
ments not  strictly  necessary  to  the  rendering  of  adequate  service,  such  as 
placing  wires  underground  in  cities  of  small  or  medium  size. 

7th.  To  make  prompt  payment  of  bills,  because  the  company  cannot 
render  the  service  demanded  if  its  only  source  of  income  is  retarded. 

8th.  Protection  against  direct  competition.  All  authorities  agree  that 
public  utilities  can  be  conducted  with  greatest  benefit  to  the  public  as  con- 
trolled monopolies. 

9th.  Careful  consideration  of  legislation,  municipal,  state  and  national, 
which  would  hamper  and  curtail  the  development  of  utilities. 

loth.  Recognition  of  the  fact,  that,  starting  from  a  given  base  line, 
which  varies  in  diflferent  localities,  reductions  in  rates  can  be  secured  with- 
out financial  loss  only  by  increasing  the  volume  of  service  sold. 

nth.  Recognition  of  the  fact  that  no  utility  company  can  well  serve  a 
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municipality   if   it   is   not   in  prosperous    condition,   and   able   to   secure   the 
investment  of  new  capital  on  favorable  terms. 

I2th.  Treatment  of  all  questions  affecting  public  utilities  in  a  fair  minded 
way,  looking  upon  them  as  business  questions  without  regard  to  political 
considerations." 

MUNICIPAL  AND  PRIVATE  OWNERSHIP. 

Public  utilities  in  the  United  States,  in  their  establishment, 
development,  and  successful  operation,  have  resulted  almost 
wholly  from  private  initiative  and  private  capital. 

There  are  probably  not  more  than  twenty-fi\^e  municipally 
owned  and  operated  gas  plants  in  this  country. 

Under  a  system  of  municipally  controlled  utilities  it  may  be 
expected  that — 

"  Operating  costs  will  be,  as  they  have  been,  materially  increased  by  the 
demand  for  preferment  and  for  employment  of  men  whose  services  are  not 
actually  needed.  The  salaries  being  fixed  by  a  council  dependent  upon 
public  suffrage,  makes  it  possible  that  there  be  no  limit  to  the  number  of 
positions  to  be  created  and  no  control  over  the  remuneration  established 
for  them. 

"  The  rule  of  municipally  Owned  plants  is  to  cut  rates  to  a  point  below 
cost  of  production  and  make  no  allowance  for  depreciation  and  often  no 
interest  is  charged  off  against  the  investment. 

"  Expensive  extensions  are  made  to  favored  firms  and  when  the  time 
comes  for  renewals  and  repairs,  the  taxpayer  will  be  asked  to  appropriate 
funds  from  the  treasury  or  stand  sponsor  for  a  bond  issue. 

"  Economy  of  operation  and  advantageous  selling  are  the  great  factors 
that  must  determine  the  success  of  any  lighting  enterprise." 

The  operations  of  municipally  controlled  lighting  plants  are 
largely  confined  to  street  and  municipal  building  lighting  and 
do  not  as  a  rule  furnish  the  citizens  as  individuals.  Conse- 
quently they  cannot  be  compared  with  the  operations  of  a  com- 
pany supplying  individual  dwellers  in  a  municipality;  but  where 
we  have  an  opportunity  of  making  comparisons  of  somewhat 
similar  lines  of  operation,  the  results  are  certainly  not  unfavor- 
able to  the  private  companies. 

The  report  of  a  committee  of  the  National  Civic  Federation, 
.that  investigated  the  subject,  calls  attention  to- — 

"  the  danger  here  in  the  United  States  of  turning  over  these  public  utilities 
to  tiie  present  government  of  some  of  our  cities.  Some,  we  know,  are  well 
governed,  and  the  situation  on  the  whole  seems  to  be  improving,  but  they 
are  not  up  to  the  government  of  Briti.sh' cities.     We  found  in  England  and 
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Scotland  a  high  type  of  municipal  government,  which  is  the  result  of  many 
years  of  struggle  and  improvement.  Business  men  seem  to  take  a  pride 
in  serving  as  city  councillors  or  aldermen,  and  the  government  of  such 
cities  as  Glasgow,  Manchester,  Birmingham  and  others  includes  many  of 
the  best  citizens  of  the  city.  These  conditions  are  distinctly  favorable  to 
municipal  operation.     .     .     . 

"  However,  there  seems  to  be  an  idea  with  many  people  that  the  mere 
taking  by  the  city  of  all  its  public  utilities  for  municipal  operation  will  at 
once  result  in  ideal  municipal  government  through  the  very  necessity  of 
putting  honest  and  competent  citizens  in  charge.  While  an  increase  in  the 
number  and  importance  of  municipal  functions  may  have  a  tendency  to 
induce  men  of  a  higher  type  to  become  public  officials,  we  do  not  believe 
that  this,  of  itself,  will  accomplish  municipal  reforms.  We  are  unable  to 
recommend  municipal  ownership  as  a  political  panacea." 

COMPETITION   VS.   MONOPOLISTIC  CONTROL  OF  PUBLIC 

UTILITIES. 

Quoting  from  the  Wisconsin  Railroad  Commission : 

"  Duplication  of  such  plants  is  a  waste  of  capital,  whenever  the  services 
can  be  adequately  furnished  by  one  plant  only.  It  necessarily  means  that 
interest  and  maintenance  must  be  earned  on  a  much  greater,  if  not  twice 
as  great,  an  investment,  and  that  the  actual  cost  of  operation  is  likely  to  be 
relatively  liigher.  Competition  in  this  service  therefore  usuallj^  means  a 
bitter  struggle  and  low  rates,  until  one  of  the  contestants  is  forced  out  of 
the  field,  when  rates  are  raised  to  the  old  level  if  not  above  it,  or  to  a 
combination  or  understanding  of  some  sort  between  them  which  also  ulti- 
mately results  in  higher  rates.  In  this  way  it  often  happens  that  the  means 
which  were  thought  to  be  the  preventive  of  onerous  conditions  become  the 
very  agents  through  which  such  conditions  are  imposed.  In  fact,  active 
and  continuous  competition  between  public  utility  corporations  furnishing 
the  same  service  to  the  same  locality  seems  to  be  out  of  the  question.  This 
has  been  shown  b)'  experience.  Such  competition  is  also  contrary  to  the 
very  nature  of  things.  Two  distinct  and  separate  corporations  are  not  likely 
to  remain  separate  very  long  after  it  becomes  clear  that  the  services  ren- 
dered by  both  can  be  more  cheaply  and  more  eflfectively  furnished  by  only 
one  of  them." 

The  PubHc  Service  Act  of  Xew  York  was  enacted  with  the 
expressed  intent  that  no  more  capital  be  invested  than  is  re- 
quired efficiently  to  supply  the  desired  service,  and  it  therefore 
not  only  restrains  the  issuance  of  stocks  and  bonds,  but  for  the 
same  reason  also  restrains  the  operations  of  new  companies 
"  unless  necessary  or  convenient  for  the  public  service."  In 
order  to  produce  the  most  favorable  economic  conditions  in  the 
operation  of  utilities,  it  is  intended  to  prevent  the  economic  waste 
which  is  inseparable  from  needless  duplication  of  capital ;  and  in 
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justice  to  existing  corporations  it  is  clearly  the  duty  of  the 
Public  Service  Commission  to  protect  them  from  destructive 
competition,  which  would  or  might  jeopardize  the  interests  which 
have  promoted  the  existing  service  by  depriving  them  of  a  just 
return  upon  their  invested  capital,  and  prevent  them  from  giving 
efficient  service  by  so  impairing  their  earnings  as  to  make  effi- 
ciency impracticable. 

REGULATION  BY  COMMISSION. 

If  the  question  of  rates  is  to  be  determined,  in  any  degree, 
by  a  public  body,  it  is  a  safe  proposition  to  advance  that  a 
Public  Service  Commission,  if  rightly  constituted,  would  be  far 
better  able  to  pass  upon  such  an  important  matter  than  a  legis- 
lature. With  facilities  which  would  be  available  by  a  Com- 
mission, a  more  intelligent  understanding  could  be  had  of  con- 
ditions which  should  govern  in  such  matters.  The  process  of 
finding  out  by  qualified  experts  through  long  and  exhaustive 
research  is  not  what  would  be  at  the  command  of  a  legislative 
body  dealing  with  a  voluminous  public  business  in  short  ses- 
sions. Such  a  Commission,  which  has  gained  the  confidence  of 
the  public  and  the  lighting  company,  is  better  able  through  the 
investigation  of  its  experts  to  cope  with  this  intricate  subject 
than  a  body  which,  as  a  body,  has  no  particular  local  interest  in 
such  a  matter  as  gas  rates. 

In  the  larger  communities,  competitive  control  of  the  gas 
industry  has  given  place  largely  to  monopolistic  control,  and 
this  tendency  received  a  great  impetus  in  the  establishment  of 
State  commissions  to  regulate  and  supervise  various  features  of 
the  business.  In  certain  lines  of  business,  regulated  monopoly 
appears  to  be  here  to  stay,  and  this  is  especially  true  of  this  in- 
dustry. It  is  well  that  this  is  so,  for  the  industry  is  certainly 
one  of  a  class  where  competitive  conditions  work  not  only  loss, 
hardship,  and  discomfort  to  the  public,  but  in  the  weaker  com- 
panies tend  to  inefficiency  and  generally  poor  service. 

But  regulation  must  not  mean  management,  and  it  will  not 
be  construed  as  in  any  sense  to  mean  management  if  commis- 
sions are  constituted  of  competent  and  broadminded  officials. 
On  the  other  hand,  there  cannot,  with  justice  to  the  public  or  to 
the  corporations,  be  left  a  twilight  zone  in  which  neither  appears 
to  have  jurisdiction.     The  light  of  common  sense  must  be  made 
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to  shed  its  rays  upon  this  whole  question,  and  when  that  day  has 
fully  dawned  we  shall  find  the  exactions  upon  the  corporations 
less  burdensome  and  the  resistance  of  the  corporations  to  wise 
and  reasonable  requirements  eliminated. 

This  centenary  celebration  is  a  milestone  in  the  progress  of 
one  of  the  world's  great  industries.  These  hundred  years  have 
given  to  mankind  many  of  the  most  marvelous  of  its  processes 
and  of  its  inventions.  In  a  gathering  of  this  character  we  draw 
upon  the  past  for  its  history  and  its  lessons.  Knowing  by  these 
means  of  the  character  of  the  pioneers  in  the  gas  industry,  and 
of  many  of  their  successors  by  more  intimate  association,  I 
believe  these  men  of  the  present  are  in  a  position  to  contribute 
much  to  the  solution  of  problems  that  to-day  confront  the  busi- 
ness community;  and,  furthermore,  I  believe  they  are  alive  to 
this  opportunity  for  beneficent  public  service. 

In  this  time  of  industrial  unrest  the  business  interests  of  the 
country  should  play  a  conspicuous  and  helpful  part.  Commer- 
cial honor  is  not  a  rarity;  the  ethics  of  trade  are  not  mere  mem- 
ories of  a  glorious  past  in  the  life  of  the  nation.  Such  gener- 
alizations are  but  the  familiar  stock-in-trade  of  the  professional 
agitator  or  self-seeking  politician.  But  business — big  business 
and  small  business  in  all  its  manifold  branches — owes  its  strength 
and  its  progress  and  its  permanency  to  that  ordered  liberty 
whose  fostering  care  it  can  in  no  wise  so  well  assure,  and  when 
assured  repay,  as  by  willing  and  complete  obedience  not  only  to 
the  law  of  the  land  but  to  those  higher  laws  without  an  observ- 
ance of  which  we  shall  fall  far  short  of  our  ideals  of  the  true 
commercial  greatness  of  a  mighty  people. 


Amorphous  Silicon.  L.  Cambi.  (Atti  R.  Accad.  dei  Lincei, 
XX,  I,  440.) — The  chemically  active  product  obtained  by  the 
hydrolysis  of  black  silicon  sulphide  is  regarded  as  consisting  essen- 
tially of  a  variety  of  amorphous  silicon.  A  sample  containing  96 
per  cent,  of  silicon  had  the  soecific  gravity  2.08  as  compared  with 
about  2.35  for  the  amorphous  silicon  of  Vigouroux.  \\'hen  heated 
in  vacuo  for  i  hour  at  900°  C.  the  bright  reddish-yellow  product 
was  converted  into  a  denser  brown  substance,  much  less  chemicallv 
active  and  very  similar  to  Vigouroux's  product.  The  active  amor- 
phous silicon  always  contains  small  quantities  of  hvdrogen  and 
oxygen,  probably  combined  with  silicon. 
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Zinc  Alloys  Heated  in  Vacuo.  T.  Turner.  (Inst,  of  Metals, 
Jan.,  1912.J — It  is  found  that  zinc  and  other  metals  are  entirely 
removed  from  brass  and  other  copper-zinc  alloys  when  they  are 
heated  in  a  vacuum.  In  the  case  of  brass  the  separation  of  the 
zinc  is  quantitative,  provided  the  temperature  does  not  exceed 
1200°  C.  and  the  heating-  is  not  too  prolonged;  by  subjecting  a 
sample  of  "  poisoned  "  brass  to  this  treatment  all  the  zinc,  lead, 
and  arsenic  and  a  little  of  the  tin  were  removed  at  1200°  C.  Zinc 
volatilizes  easily  at  375°  C.  in  a  vacuum,  and  is  readily  volatilized 
from  60/40  and  70/30  brass  at  temperatures  of  520°  C.  and  540°  C. 
respectively.  When  180  grammes  of  70/30  brass  were  melted  in  a 
crucible  and  allowed  to  cool  in  an  exhausted  desiccator,  the  per- 
centage of  zinc  in  the  alloy  was  sensibly  reduced,  although  the 
charge  could  not  have  remained  liquid  for  more  than  3  minutes. 
On  heating  zinc  with  copper  in  vacuo,  though  the  metals  were  not 
in  contact,  the  copper  rapidly  turned  yellow  at  380°  C,  the  zinc 
being  still  solid.  When  hard  zinc  (the  residue  from  galvanizing 
baths,  containing  about  5  per  cent,  of  iron)  was  heated  to  500°  C. 
in  a  vacuum,  the  zinc  was  completely  volatilized,  the  iron  remaining 
in  the  residue.  The  application  of  this  principle  to  the  refining 
of  crude  copper,  brass  scrap,  hard  zinc,  etc.,  is  suggested. 

Ice  Drift  in  Polar  Regions.  O.  A.  Akesson.  (Ark.  fiir  Mat. 
Astron.  och.  Fysik.  Stockhahn,  vi,  No.  40,  i.) — In  polar  regions  the 
method  generally  employed  for  determining  latitude  and  longitude 
involves  the  observation  of  two  altitudes  of  the  sun  or  other  celestial 
object  and  the  corresponding  times.  This  supposes  the  observer 
fixed.  If  the  observer  be  on  a  moving  ice-field,  it  is  possible  so  to 
arrange  the  observations  that  the  position  and  velocity  and  direction 
of  the  observer  may  be  calculated.  Four  observations  must  be 
taken  of  the  altitude  of  the  celestial  object,  and  the  corresponding 
times.  ■  If  the  time  between  the  first  and  second  observations  and 
between  the  third  and  fourth  be  six  hours,  while  that  between  the 
second  and  third  be  several  days,  the  positions  are  determinable, 
and  from  these  the  velocity  and  direction  of  the  motion  of  the  ice 
is  easy  to  compute. 

Chicle  Gum.  J.  E.  Q.  Bosz  and  N.  H.  Cohen.  (Arch.  Pharm., 
ccl,  52.) — The  larger  portion  of  chicle  gum,  which  is  obtained  in 
Mexico  and  Central  America  from  Achras  sapota,  goes  to  the 
United  States,  where  it  is  manufactured  into  chewing  gum.  The 
authors  have  examined  it,  as  Schereschewski  did,  and  find  that 
a-chiclalban  consists  of  almost  pure  a-amyrin  acetate,  j8-chiclalban 
is  a  mixture  of  lupeol  and  «-  and  /8-amyrin  corribined  with  caproic. 
acetic,  and  cinnamic  acids.  It  appears  probable  that  r  -chiclalban  is 
identical  with  cerotinone.  Chiclafluavil  is  a  mixture  of  all  the  con- 
stituents of  the  chicle  gum. 


ALTERNATING-CURRENT  DEVELOPMENT  IN 
AMERICA.i 


WILLIAM  STANLEY, 

Great  Harrington,  Mass. 

It  is  my  purpose  this  evening  to  attempt  to  describe  the 
conditions  of  the  electric  hghting  industn-  and  its  engineering 
status  at  the  time  that  the  alternating-current  system  was  intro- 
duced; to  give,  verv^  briefly,  the  causes  which  made  it  necessary 
to  devise  a  new  system  of  distribution  that  would  remove  the 
difficulties  which  had  temporarily  brought  the  art  to  a  standstill ; 
and  to  speak  a  few  words  concerning  its  growth. 

The  alternating-current  system  of  distribution  came  into  use 
in  1885.  It  is  tO'  be  remembered  that  long  prior  to  this  date 
Air.  Edison  had  completed  his  work  upon  the  incandescent  lamp 
in  this  country  and  that  it  had  been  introduced  into  many  places 
for  the  purpose  of  lighting  large  buildings ;  but  only  alx)ut  a  dozen 
plants  had  been  installed  to  furnish  incandescent  lighting  to  the 
public.  The  labors  of  Edison,  Swan,  Weston,  and  Maxim  had 
developed  the  incandescent  lamp  until  it  had  become  fairly  reli- 
able as  well  as  fairly  efficient. 

Prior  to  1884  Weston  had  made  large  candle-powered  lamps 
that  were  quite  generally  used  for  semi-public  lighting,  and  had 
further  greatly  advanced  the  art  by  his  labors  in  perfecting  the 
continuous-current  generator.  Indeed,  excepting  for  increased 
capacity,  he  produced  at  that  time  machines  that  were  fully  equal 
to  those  of  the  present  day. 

But  the  advance  of  the  art  and  the  general  distribution  of 
electricity  for  domestic  purposes  was  greatly  retarded  by  the  fact 
that  the  cost  of  the  conductors  necessar}^  to  convey  the  current 
over  anv  considerable  distance  was  nearly  prohibitive.  It  was 
the  common  saying  of  the  day  that,  if  one  should  attempt  to  light 

*  Presented  at  the  joint  meeting  of  the  Electrical  Section  and  the  Phila- 
delphia Section.  American  Institute  of  Electrical  Engineers,  held  February  15, 
1912. 
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Fifth  Avenue  from  Fourteenth  Street  to  Fifty-ninth  Street,  the 
conductors  required  would  be  as  large  as  a  man's  leg. 

Dr.  John  Hopkinson,  of  England,  and  Mr.  Edison,  at  about 
the  same  time,  and  independently,  devised  the  three-wire  system, 
which  increased  about  threefold  the  area  over  which  economical 
distribution  could  be  made.  But  even  this  increase  in  the  possi- 
bilities of  distribution  was  insufficient  to  meet  the  demands  upon 
the  art. 

Engineers  understood  that  the  solution  for  the  distribution 
of  electricity  over  long  distances  would  be  found  by  employing 
some  system  operating  at  high  potential;  and  very  strenuous 
efforts  were  made  towards  this  end. 

In  1883  Mr.  Charles  F.  Brush,  the  well-known  inventor,  put 
upon  the  market  a  system  in  which  continuous-current  generators 
of  high  potential  fed  storage  batteries  grouped  in  series  connec- 
tion. The  batteries,  in  turn,  fed,  locally,  incandescent  lamps  in 
houses,  hotels,  and  other  buildings.  High  hopes  were  held  for 
the  success  of  this  plan,  but  battery  difficulties  and  the  dangers 
incident  to  the  high-potential  series  system  finally  caused  its 
downfall. 

Dr.  Weston,  Prof.  Elihu  Thomson,  and  others  attempted,  at 
about  this  time,  to  operate  a  series  multiple  system  in  which 
the  potential  upon  each  multiple  arrangement  of  lamps  was  gov- 
erned by  an  automatic  device  that  cut  into  circuit,  compensating 
resistances  whenever  the  lamps  were  turned  out.  This  system 
was  introduced  in  many  places,  and  was  especially  successful 
wherever  the  lighting  could  be  watched  and  guarded  by  a  local 
attendant,  as  in  railway  stations,  department  stores,  and  other 
serni-public  places;  but  no  general  solution  of  the  problem  was 
found,  and  the  art  hesitated,  and  its  progress  was  delayed,  for 
the  reason  that  conservative  and  far-sighted  engineers  did  not 
recommend  its  introduction  for  the  general  distribution  of  light 
and  power. 

It  was  while  our  engineers  and  inventors  were  groping  about 
for  a  solution  to  the  distribution  problem  that  the  first  sugges- 
tions to  use  alternating  currents  were  made.  The  Patent  Office 
records  of  the  country  show  that  Jim  Billings  Fuller,  in  1878, 
applied  for  and  obtained  a  patent  for  the  use  of  an  alternating- 
current  generator  and  an  induction  coil  connected  to  it  as  a  means 
of  distributing  electricity;  but  this  disclosure,  while  it  contained 
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a  hint  of  the  true  solution  to  the  problem,  was  so  vague  and  so 
indeterminate  that,  so  far  as  I  am  informed,  Fuller  never  pro- 
ceeded further  than  to  put  his  ideas  upon  paper ;  and  he  probably 
did  not  understand  the  governing  factors  that  later  proved  to  be 
the  keynote  in  the  solution  of  the  problem. 

In  1884  Messrs.  Goulard  &  Gibbs — the  one  an  Italian  engi- 
neer, and  the  other  an  English  promoter — constructed  in  England 
an  alternating  plant  for  the  purpose  of  distributing  electricity 
by  means  of  alternating  currents  generated  at  high  potential 
and  induction  coils  connected  in  series  arrangement  with  each 
other  (Fig.  i). 

Fig. 


In  this  system  of  distribution  a  constant  value  of  current  is 
generated  (such,  for  example,  as  10  or  50  amperes)  and  is 
compelled  to  flow  through  the  primaries  of  the  induction  coils 
irrespective  of  the  load  they  may  carry  upon  their  secondaries. 
Such  an  arrangement  means  that  the  electrical  potential  upon 
both  primary  and  secondary  coils  must  vary  with  the  variations 
of  their  load,  and,  consequently,  if  lights  are  connected  to  the 
secondary  circuits  the  candle-powers  of  these  lights  will  rise  and 
fall  as  the  number  in  circuit  is  changed.  To  obviate  this  diffi- 
culty and  to  reduce  the  fluctuations  as  much  as  possible,  the 
designers  made  their  coils  with  straight,  open-circuited  magnetic 
cores,  and  also  introduced  regulating  resistances  in  parallel  with 
the  lamps  in  circuit.  This  arrangement,  or  system,  possessed 
little  novelty  in  the  design  of  its  apparatus,  and  was  of  no  prac- 
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tical  value  in  the  solution  of  the  general  problem.  It  is  remark- 
able that  Alessrs.  Goulard  &  Gibbs  continued  to  advocate  this 
arrangement  after  the  final  solution  of  multiple-arc  connection 
and  constant  potential  circuits  had  been  disclosed. 

At  this  time  (1884)  there  was,  so  far  as  I  know,  but  one 
firm  that  was  building  alternating-current  generators,  although 
many  attempts  to  produce  successful  alternators  had  been  made 
abroad.  Messrs.  Siemens  Brothers  were  building  alternators 
to  operate  arc  lamps  for  light-house  purposes.  Each  machine  fur- 
nished the  electricity  for  one  large  arc  lamp.  The  machines  of 
Lontin,  Gordon,  and  other  designers  had  failed  to  fulfil  the  hopes 
of  their  authors,  and  had  either  gone  out  of  service  or  had  been 
discredited.  Indeed,  it  was  generally  assumed  that  the  genera- 
tion and  transmission  of  alternating  currents  presented  very 
serious  difficulties  in  addition  to  those  found  when  continuous 
currents  were  employed.  While,  therefore,  the  work  of  Goulard 
&  Gibbs  did  not  result  in  the  production  of  any  commercial  sys- 
tem, we  are  indebted  to  them  for  the  interest  they  aroused  in 
the  possibilities  of  alternating-current  service,  for  they  undoubt- 
edly drew  attention  to  this  branch  of  electrical  engineering. 

Of  quite  a  different  order  and  value  was  the  work  of  Messrs. 
Zipernowski,  Deri  and  Blathy,  three  distinguished  engineers  of 
the  firm  of  Ganz  &  Company,  of  Budapest,  Hungary.  Looking 
back  upon  their  work  from  our  present  vantage  ground,  we  can 
only  sympathize  with  and  admire  it.  In  1885  Ganz  &  Company 
exhibited  at  a  local  fair  in  Hungary  a  system  employing  alter- 
nators wound  for  a  constant  and  high  potential,  induction  coils 
connected  in  parallel  arc  by  their  primary  circuits  and  wound 
with  short  and,  therefore,  low  potential  secondaries,  to  which 
lamps  were  connected.  In  fact,  they  disclosed  the.  alternating- 
current  system  as  we  now  use  it.  Their  transformers  were  made 
with  closed  magnetic  circuits,  were  intelligently  designed,  and 
were  properly  constructed.  If  the  work  leading  up  to  the  Great 
Barrington  plant,  of  which  I  shall  soon  speak,  had  not  been  under- 
taken, and  if  the  plant  had  not  been  built,  we  would  still  have 
had  the  system  from  Budapest  without  essential  modification. 
In  October,  1885,  Zipernowski,  Deri  &  Blathy  published  a  de- 
scription of  their  system  in  the  English  Electrical  RcT/ieziK  I 
am  glad  to  bear  testimony  to  the  work  of  these  distinguished 
men,  especially  for  the  reason  that  Americans  have  been  inclined 
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to  give  to  the .  work  of  Goulard  &  Gibbs  credit  which,  in  my 
opinion,  it  is  not  entitled  to,  and  in  which  Zipernowski,  Deri  & 
Blathy  should  fairly  claim  a  pioneer's  share.      (Fig.  2.) 

I  now  am  obliged  to  refer  to  the  work  which  I  carried  out 
in  this  country  and  which  resulted,  in  1885,  in  the  building  of 
the  first  alternating-current  plant  at  Great  Barrington  and  the 
introduction  to  the  country,  by  the  ^^'estinghouse  Electric  Com- 
pany, of  the  system  there  operated.  A  discussion  of  one's  per- 
sonal work  is  somewhat  embarrassing,  yet  I  fear  I  shall  have  to 
ask  your  indulgence  while  I  attempt  to  describe  the  influences 
which  led  me  to  pursue  the  subject. 

In  1883  I  was  tremendously  impressed  with  the  Brush  stor- 
age battery  system  above  referred  to.     I  knew  ^Ir.  Brush,  and 
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had  the  highest  admiration  for  his  work.  Indeed,  it  was  a  char- 
acteristic of  Brush's  work  that  he  turned  it  out  in  completed 
and  satisfactory  form.  \\'hen,  therefore,  he  announced  that  his 
storage  battery  was  perfected  and  that  he  had  devised  a  solution 
to  the  distribution  problem,  I  was  enormously  impressed.  At  that 
time  I  was  disobeying  the  laws  of  chemistry  by  attempting  to 
produce  a  battery  on  a  novel  but  unsuccessful  plan.  This  batten- 
work  brought  clearly  before  me  the  importance  of  the  counter 
electro-motive  force  of  the  battery  in  maintaining  a  constant 
potential  upon  the  ser\nce  to  be  supplied.  Batteries  are  clumsy 
affairs,  and  in  those  days  they  were  difiicult  to  handle  and 
troublesome  to  maintain.  The  reason  that  they  were  employed 
by  Brush  was.  in  reality,  to  produce  this  counter,  regulating 
electromotive  force — a  variable  electromotive  force  that  should 
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adjust  itself  instantly  and  accurately  to  the  varying  load  con- 
ditions of  the  service,  and  thus  maintain  a  constant  potential.  I 
asked  myself  why  such  an  electromotive  force  could  not  be  made 
in  some  other  way — whether  it  were  not  possible  to  obtain  it  by 
a  rotational  device  like  a  motor — and  I  harassed  my  brain  in 
searching  for  some  means  to  attain  this  end. 

On  September  i8,  1883,  I  made  the  following  entry  in  my 
laboratory  notebook  (Fig.  3)  : 

A  system  of  multiple  series  translating  devices,  each  series  having  an 
opposing  electromotive  force  shunt  in  combination  with  an  alternating  cur- 
rent dj^namo  electric  machine,  etc.,  whereby  the  potential  between  the  supply 
mains  is  maintained  at  constant  value. 

Fig.  3. 


I  foresaw  at  that  time,  dimly,  to  be  sure,  but  still  with 
sufficient  accuracy  to  realize  something  of  its  value,  that  alternat- 
ing currents  could  be  used  to  produce  an  electromotive  force 
upon  the  circuit  to  be  regulated,  in  place  of  the  battery  electro- 
motive forces  suggested  by  Brush  and  the  resistance  electromotive 
forces  of  Weston  and  Thomson.  I  do  not  mean  to  intimate 
that  at  that  time  I  had  complete  knowledge  of  the  invention — 
that  came  later — but  that  it  was  the  starting  point  from  which 
I  worked  until,  in  1885,  the  completed  system  was  developed. 

It  is  difficult  for  engineers  of  the  present  day  to  appreciate 
the  conditions  of  that  time.  Please  remember  that  there  were  but 
few  books  on  electrical  engineering,  no  formulae,  except  those 
hidden  away  in  scientific  papers,  no  nomenclature,  and  there  was 
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hardly  any  information  about  alternating-current  phenomena 
available.  All  of  the  alternating-current  machinery  devised  prior 
to  this  date,  with  the  exception  of  the  Siemens  alternator,  failed 
for  one  reason  or  another,  and  there  was  a  popular  opinion  that 
there  was  nothing  of  value  in  the  alternating-current  field.  It 
therefore  took  definite  self-conviction  to  believe  that  the  solution 
of  the  distribution  of  energy  by  electricity  lay  in  this  despised 
and  rejected  line  of  work.  At  this  time  the  laws  of  the  magnetic 
circuit  were  not  generally  understood  or  accurately  defined,  and 
it  was  difficult  to  find  an  engineer  who  had  a  clear,  clean,  definite, 
and  easily  applicable  conception  of  the  subject,  so  when  I  began 
studying  induction  coils  the  phenomena  that  appeared  were 
strikingly  novel,  and  interesting,  and  to  me,  at  least,  it  was 
only  possible  to  have  a  physical  conception  of  them,  not  a  quanti- 
tative estimate  of  their  value. 

Early  in  1884  I  made  an  arrangement  with  Mr.  George 
Westinghouse  which  took  me  to  Pittsburgh — this  was  before  the 
organization  of  the  Westinghouse  Electric  Company — where  for 
a  while  I  was  swamped  with  work  in  other  lines.  During  this 
busy  year  (1884)  I  was  carrying  in  my  mind  the  old  problem 
of  distribution.  It  had  become  my  major  ambition  by  this  time — 
my  secret  ambition,  if  I  may  confess  it.  Several  times  during  the 
year  I  thought  to  get  at  it,  but  I  could  not  until  fall;  and  as  I 
had  no  alternator  at  hand,  I  wasted  a  good  deal  of  effort  in 
attempting  to  transform  continuous  into  alternate  currents  by  a 
special  form  of  induction  coil  having  two  opposite  wound  primary 
circuits,  one  secondary,  and  a  commutating  device.  It  worked, 
some,  but  oh  how  it  sparked !  In  experimenting  with  this  device, 
I  realized  the  importance  of  the  closed  magnetic  circuit  in  reduc- 
ing the  intake  or  magnetizing  current,  and  convinced  myself 
then  that  if  the  commutating  difficulties  were  disposed  of  the 
system  would  solve  the  problem.  I  don't  know  that  I  would  go 
quite  so  far  now. 

By  the  spring  of  1885  my  health  gave  out,  and  there  seemed 
to  be  a  grave  question  as  to  my  ability  to  withstand  Pittsburgh 
and  its  work.  My  doctor  began  to  advise  me  to  gO'  to  the  coun- 
try. I  was  rather  discouraged,  for  the  surroundings  were  un- 
congenial, the  work  hard,  and  the  results  meagre. 

One  day  when  the  experimental  work  was  troubling  me  Mr. 
Westinghouse  told  me  that  he  could  get  an  option  on  the  work  of 
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Goulard  &  Gibbs,  and  suggested  that  he  send  for  their  alternating 
(Siemens)  machine  and  their  induction  coils.  I  told  Mr.  West- 
inghouse  that  I  did  not  think  the  system  commercially  useful, 
but  that  I  appreciated  its  coming — particularly  the  alternator — 
and  this  led  me  to  tell  him  that  if  the  induction  coils  were  wound 
for  parallel  instead  of  series  connections,  as  used  by  Goulard  & 
Gibbs,  the  distribution  problem  would  be  solved,  as  each  coil 
would  then  operate  independently  of  the  others  in  circuit  and 
would  be  self-regulating,  both  as  to  electromotive  force  and 
current  transformed. 

The  study  and  effort  I  had  given  to  the  development  of  my 
commutator-transformer  cleared  and  defined  my  notions.  I 
realized  that  if  we  could  make  a  transformer  that  would  regulate 
the  energy  transformed  by  slight  variations  of  its  induced  counter 
electromotive  force  in  the  same  manner  that  a  shunt-wound 
motor  regulated  for  energy  transferred  by  variation  of  its  rota- 
tional counter  electromotive  force,  the  problem  would  be  beauti- 
fully solved.  I  saw  this  analogy  faintly  at  first,  but  soon  with 
strong  and  clear  conviction.  I  was  very  much  excited  by  it.  It 
seemed  too  simple  and  too  easy  to  be  true.  I  was  almost  afraid 
to  believe  or  speak  of  it,  for  I  had  experienced  a  good  many 
disappointments  and  was  in  a  nervous  and  overworked  con- 
dition; but  as  my  convictions  grew  and  strengthened  I  gained 
courage.  Then  I  clearly  saw  that  the  solution  was  found.  I 
told  Mrs.  Stanley,  and,  although  she  did  not  understand  a  word 
about  it,  she  saw  it  too. 

At  this  time  Franklin  Leonard  Pope  was  a  conspicuous  and 
important  factor  in  electrical  engineering  matters.  He  was 
also  adviser  to  the  Westinghouse  interests.  I  pointed  out  to 
Mr.  Pope  the  similarity  of  the  parallel  connected  transformer  to 
the  shunt-wound  parallel  connected  motor.  I  waxed  eloquent 
over  the  automatic  regulation  of  the  system  of  parallel  connec- 
tion, and  tried  my  best  to  picture  the  phenomena  clearly  to  him. 
But  Pope's  conviction  came  slowly — more  slowly  than  my 
patience  could  stand.  He  pointed  out  that  if  high  potential  pri- 
mary circuits  of  500  volts  or  more  were  used  to  distribute  elec- 
tricity throughout  a  community,  there  was  a  grave  fire  and  life 
danger,  and  he  held  back  and  did  not  at  first  approve  of  the  plan. 

For  this  reason,  I  suppose,  Mr.  Westinghouse  hesitated  to 
furnish  the  money  necessary  for  me  to  experimentally  prove  ni}- 
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views,  and  for  a  moment  I  was  at  a  loss  to  know  what  to  do. 
I  had  a  Httle  capital,  and  finally  I  made  a  trade  with  ^Ir.  West- 
inghoLise  and  sold  him  half  of  my  holdings,  realizing  several 
thousand  dollars,  and  agreed  to  use  the  funds  so  obtained  in  ex- 
perimental work  for  the  company's  benefit.  This  arrangement 
now  seems  a  trifle  one-sided,  as  I  did  not  benefit  by  it  excepting 
as  a  stockholder  in  the  company;  but  I  suppose  that  ]\Ir.  West- 
inghouse  was  doubtful  of  my  success,  and  therefore  did  not  feel 
justified  in  putting  up  the  money.     For  my  part,  I  feel  that  I 
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made  the  best  bargain  of  my  life,  for,  with  the  enthusiastic 
approval  of  the  one  who  never  hesitated  at  taking  a  chance — the 
one  whose  courage  never  failed — we  packed  our  belongings, 
shook  the  dirt  of  dreadful  Pittsburgh  from  us,  and  hastened  to 
the  green  fields  of  Berkshire,  to  build  a  laboratory  and  succeed 
or  perish  in  our  work. 

Before  leaving  Pittsburgh  I  designed  several  induction  coils, 
or  transformers,  as  we  now' call  them,  for  parallel  connection. 
One  is  here  shown.     (Fig.  4.)     It  was  designed  in  the  early  sum- 
VoL.  CLXXIII,  Xo.  1038—42. 
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mer  of  1885  and  wound  for  500  volts  primary  and  100  volts 
secondary  electromotive  force.  It  is  the  original  transformer  now 
in  the  library  of  the  Electrical  Engineering  Society,  and  is  the  pro- 
totype of  all  transformers  since  made.  Several  other  coils  were 
constructed  for  experimental  information — one  with  a  variable 
air  gap  in  the  magnetic  circuit,  and  several  with  iron  wire  cores. 

During  the  midsummer  months  I  was  too  indisixDsed  to  work, 
but  when  the  cool  September  nights  came  on  my  health  came  back, 
and  I  started  in  to  equip  my  laboratory. 

At  the  north  end  oi  the  village  of  Great  Barringtoii  was  an 
old,  deserted  rubber  mill.  This  I  leased  for  a  trifling  sum,  and 
erected  in  it  a  25-horsepower  boiler  and  engine  that  I  purchased 
for  tlie  purpose.  I  have  frequently  met,  in  a  long  and 
stormy  life,  serious  and  obstinate  difficulties,  but  I  have 
never  encountered  any  mechanism,  of  any  kind  whatsoever,  that 
possessed  so  profound  a  genius  for  going  wrong  as  this  engine. 
My  engineer  once  offered  to  bet  the  engineer  of  the  woollen 
company  ten  dollars  that  my  engine  could  pump  all  the  steam 
and  water  from  their  battery  of  boilers  in  twenty  minutes,  and 
I  believe  that  if  he  could  have  kept  her  going  for  that  time  he 
would  have  won.  After  about  a  month's  work  we  synchronized 
the  power  plant — got  the  pump  injector,  boiler  and  engine  to 
agree  to  work  on  the  same  day. 

After  what  seemed  another  interminable  delay  we  at  last 
installed  the  Siemens  alternator  that  Mr.  Westinghouse  imported 
from  London.  In  the  meantime  I  had  started  the  conirtruction 
of  a  number  of  transformers  in  the  laboratory,  and  engaged  a 
yoimg  man  to  canvass  the  town  of  Great  Barrington  for  light 
customers. 

The  Siemens  alternator  was  wound  to  furnish  12  amperes  of 
current  with  a  maximum  of  500  volts.  Having  a  very  high 
armature  inductance,  it  was  very  sensitive  to  load  variations. 
Starting  out  from  the  old  rubber  factory  in  which  the  laboratory 
and  plant  was  installed,  two  No.  6  white  underwriter  wires  were 
stretched  down  tlie  main  street  of  the  village  and  fastened  to  insu- 
lators nailed  to  the  big  elms  bordering  the  sidewalks.  A  pair  of 
No,  10  wires  were  connected  from  the  centre  of  distribution  of 
the  system  and  brought  back  on  separate  insulators  to  the  labora- 
tory in  order  that  we  might  determine  the  exact  drop  of  the  line 
under  variations  of  load.     Finally,  after  the  wiring  was  com- 
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pleted,  half  a  dozen  transformers  were  installed  in  our  custo- 
mers' cellars.  They  were  placed  in  wooden,  skeleton  boxes  cov- 
ered   with    moscjuito    netting    and    kept    under    lock    and    key 

(Fig.  5).   , 

We  built  in  all  at  the  Great  Barrington  laboratory  twenty- 
six  transformers,  ten  of  which  were  sent  to  Pittsburgh  to  be  used 


Fig.  5. 


in  a  demonstration  plant  between  the  Union  Switch  and  Signal 
Company's  factory  and  East  Liberty.  This  plant  was  operated 
a  year  after  the  Great  Barrington  plant  had  demonstrated  the 
operativeness  of  the  system.  We  installed  in  the  town  plant  a 
Barrington  two  50-light  and  four  25-light  transformers,,  the 
remainder  being  used  in  the  laboratory  for  experimental  work. 
Of  the  twenty-six  transformers  built,  one  short-circuited  under 
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-test.  The  transformers  in  the  village  lit  thirteen  stores,  two 
hotels,  two  doctors'  offices,  one  barber  shop,  and  the  telephone 
-and  post  offices.  The  lamps  were  of  150-,  50-,  and  i6-candle- 
power  sizes.  The  length  of  the  line  from  the  laboratory  to  the 
centre  of  the  town  was  about  4,000  feet. 

At  this  time  I  called  my  induction  coils  "  converters,"  coin- 
ing this  name  fo^r  them.  It  was  adopted  generally.  I  really  did 
not  quite  like  the  name,  and  one  day  I  asked  my  friend  Senator 
Hosmer,  the  local  scholar,  to  come  tO'  supper,  and  after  explain- 
ing to  him  the  action  of  my  converters  asked  him  to  improve  the 
name.  He  suggested  that  "  converter  "  implied  a  conversion  of 
one  kind  of  thing  to  another  kind  of  thing,  but  that  "  trans- 
former "  was  more  applicable  to  the  device.  I,  however,  hung 
on  to  "  converter  "  until  later,  in  England,  I  believe,  they  adopted 
the  change  that  Hosmer  had  suggested. 

'  We  first  devised  and  tried  out  at  the  Great  Barrington  labora- 
tory the  step-up  and  step-down  transformer  system  now  so  gener- 
ally used  for  power  transmission,  the  generating  electromotive 
force  being  transformed  from  500  to  3,000  volts  and  from  3,000 
back  to  500  volts,  and  then  sent  over  the  line  downtown.  Lamps 
connected  in  series  across  these  voltages  gave  voltmeter  evidence 
that  these  transformations  were  really  performed.  This,  so  far 
as  I  know,  was  the  first  high-potential,  alternate-current  trans- 
mission line  ever  attempted. 

I  find  from  my  old  record  books  that  the  town  plant  was 
not  put  into  regular  service  until  March  6,  1886,  but  long 
before  this  time  the  system  was  tried  out  and  had  vindicated  itself. 
At  last  the  town  was  lighted,  and  we  had  ocular  evidence  of  our 
success.  We  made  a  gala  night  of  it.  The  streets  and  stores  were 
crowded  with  people,  the  big  1 50-candle-power  lamps  were  run- 
ning- at  about  double  their  candle-power,  and  my  townsmen,  though 
very  skeptical  as  to  the  dangers  to  be  encountered  when  going 
near  the  lights,  rejoiced  with  me. 

This  plant  continued  to  operate  successfully,  with  the  excep- 
tion of  one  small  fire,  until  an  attendant,  in  the  summer  of  1886, 
dropped  a  screw-driver  in'to'  the  alternator  and  ruined  it. 

Long  before  this,  however,  I  became  convinced  that  the  Sie- 
mens alternator  did  not  possess  the  characteristics  necessary  for 
the  best  operation  of  the  system.  Between  November  5  and  15, 
1885,  I  designed  and  completed  the  drawings  of  a  new  alternator 
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— the  radial  pole  type  of  machine  now  so  well  known — and  sent 
them  to  Pittsburgh.  This  machine  proved  a  really  remarkable 
designing  success.  It  was  calculated  to  deliver  500  volts  with  a 
drop  of  2  per  cent,  between  full  and  no  load  when  running  at  a 
thousand  revolutions  and  with  10  amperes  of  excitation  current. 
It  actually  gave  490  volts  under  these  conditions,  while  its  inher- 
ent regulation  was  very  close  to  the  amount  predicted.  Further- 
more, it  was  decently  cool. 

I  presume  the  design  of  such  a  machine  seems  a  very  simple 
matter,  but  in  those  first  days  it  was  no  trifling  experiment,  for 
many  attempts  to  build  alternators  having  iron  cores  with  strong 
fields  had  been  unsuccessful.  I  took  the  position  that  a  constant 
potential  alternator  should  have  these  characteristics,  and  that 
a  machine  could  be  devised  that  would  give  them.     (Fig.  6.) 

On  April  6,  1886,  Messrs.  George  and  H.  H.  Westinghouse, 
William  Lee  Church,  Guido  Pantalioni,  H.  H.  Jackson,  Franklin 
L.  Pope,  and  Walter  C.  Kerr  came  to  Great  Barrington  to  visit 
my  laboratory,  where  they  saw  the  system  working  for  the  first 
time.  This  visit  determined  Mr.  Westinghouse  to  actively  enter 
the  alternating-current  field,  as  the  novelty  and  scope  of  the 
system  surprised  him  greatly. 

I  have  a  very  personal  affection  for  a  transformer.  It  is 
such  a  complete  and  simple  solution  for  a  difiicult  problem.  It 
so  puts  to  shame  all  mechanical  attempts  at  regulation.  It  handles 
with  such  ease,  certainty,  and  economy  vast  loads  of  energy  that 
are  instantly  given  to  or  taken  from  it.  It  is  so  reliable,  strong, 
and  certain.  In  this  mingled  steel  and  copper,  extraordinary 
forces  are  so-  nicelv  balanced  as  to  be  almost  unsuspected.  This 
equilibrium  is  remarkable.  It  is  like  putting  on  the  pans  of  a 
delicate  chemist's  balance  lo-pound  weights  so  exactly  timed  in 
their  application  that  never  a  tremor  stirs  the  needle  from  its 
mark. 

The  success  that  attended  the  demonstration  of  the  system  at 
Great  Barrington  was  followed  by  a  second  demonstration  con- 
ducted by  the  late  Oliver  Shallenberger,  whoi  had  succeeded  to 
my  place  as  engineer  for  the  \\^estingho'Use  interests  in  Pitts- 
burgh. Mr.  Shallenberger  erected  the  alternator  shown  in 
Fig.  6  above  mentioned  at  the  Union  Switch  and  Signal  Com- 
pany's works  in  Pittsburgh,  and  ran  a  line  from  Pittsburgh  to 
East  Liberty,  distant  about  three  miles.  At  the  far  end  of  the 
line  he  also  erected  the  transformers  which  I  had  built  for  that 
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purpose  at  the  Great  Barrington  lalxjratory.  and  he  made  careful 
measurements  of  the  drop  of  potential  and  efficiency  of  distribu- 
tion.    The  results  of  these  tests  were  very  encouraging.     Mr. 
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Shallenberger  next  increased  the  potential  of  the  alternator  and 
rewound  the  transformers  to  operate  at  i.ooo  \olts.  and  again 
tested  out  the  system. 

Convinced  that  a  general  solution  for  the  distrilxition  problem 
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had  been  found,  Mr.  Westinghouse  at  once  undertook  to  place 
the  system  upon  the  market,  and  in  the  winter  of  1886-87 
erected  at  the  Buffalo  Electric  Company's  station  the  first  com- 
mercial plant  for  that  purpose. 

At  that  time  the  Edison  direct-current  system  was  very 
strongly  entrenched  throughout  the  country,  both  because  of  the 
great  prestige  of  Air.  Edison  and  because  of  the  strong  financial 
interests  that  were  believed  to  be  behind  him.  The  Edison  Com- 
pany entirely  failed  to  appreciate  the  distribution  value  of  the 
alternating  system,  and  it  openly  condemned  it  as  dangerous  and 
uneconomical,  and  prophesied  its  speedy  downfall.  For  once 
these  noted  engineers  were  mistaken.     Of  the  six  thousand  sta- 
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tions  now  operating  in  this  country  less  than  two  hundred  are 
furnishing  continuous  current. 

The  next  step  in  the  development  of  the  art  was  the  devising 
of  the  so-called  auto-transformer  shown  in  Fig.  7.  I  worked 
out  this  device  in  the  winter  of  1886  and  1887;  and  it  is  inter- 
esting to  see  that  it  is  almost  exactly  identical  with  the  arrange- 
ment (shown  in  Fig.  3)  that  I  worked  on  in  1883,  the  difference 
being  that,  in  the  latter,  two  magnetic  cores  are  employed  for 
the  two  branches  illustrated,  while  in  the  auto-transformer  a 
single  core  magnetically  links  all  the  circuits  together.  The 
auto-transformer  has  been  exceedingly  useful  in  the  local  distri- 
bution of  electricity  and  in  regulating  the  potential  of  alternating 
circuits ;  for  example,  it  is  employed  in  governing  and  controlling 
the  alternating  potential  applied  to  the  motors  of  the  Xew  York, 
New  Haven  and  Hartford  Railroad  Company's  main  line  system. 
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The  next  step  in  the  development  of  the  art  was  the  introduc- 
tion of  the  polyphase  system  by  Mr.  Tesla  in  1887,  and  the  appli- 
cation of  the  induction  motor  to  commercial  purposes.  Few 
people  realize  the  enormous  amount  of  work  that  was  done  to 
develop  this  invention  to  its  present  very  perfect  form.  This 
motor,  whose  operation  depends  upon  employing"  phase  differing 
currents  in  such  manner  as  to  combine  their  individual  fields  into 
a  resultant  field  rotating  about  one  element  of  the  motor,  was  first 
devised  in  1885  by  Prof.  Galileo  Ferraris,  of  the  University  of 
Turin,  Italy.  Prof.  Ferraris,  however,  did  not  appreciate  its 
industrial  importance;  and,  although  he  clearly  described  the 
physical  and  mathematical  reactions  that  took  place,  and  even 
suggested  that  it  might  be  used  to  furnish  the  motive  power  to 
drive  an  alternating-current  motor,  yet  he  failed  to  foresee  its 
enormous  industrial  application.  Mr.  Tesla,  in  a  number  of  re- 
markably clean,  clear,  and  incisive  patents,  described  substantially 
the  same  device,  and  organized  it  in  a  practical  manner  to  furnish 
power  from  an  alternating-current  source;  yet,  several  years 
elapsed  and  enormous  sums  of  money  were  spent  by  the  Westing- 
house  and  other  manufacturing  companies  in  attempts  to  make 
the  motor  start  from  rest  wnth  a  satisfactorily  strong  torque. 

In  1888  I  devised  another  type  of  motor  also  employing  phase 
differing  currents,  and  known  as  the  transformer  motor, 
but  arranged  so  as  not  to  produce  a  resultant  moving  or  magnetic 
field.  This  motor  was  put  upon  the  market  by  the  Stanley 
Company,  of  Pittsfield,  together  with  the  "  inductor  alternator  " 
to  generate  the  phase  differing  currents.  My  associates  were 
Messrs.  John  F.  Kelly  and  C.  C.  Chesney,  both  well  known 
in  the  alternating-current  art ;  and  together  we  solved  the  problem 
of  designing  the  motor  with  such  electrical  constants  as  to 
develop  a  maximum  torque  at  starting. 

So  far  as  I  know,  the  first  transmission  of  power  for  indus- 
trial purposes  by  means  of  phase  differing  currents  was  under- 
taken by  the  Stanley  Company  at  the  village  of  Hoiisatonic,  four 
miles  north  of  Great  Barrington,  where  power  was  conveyed  from 
a  waterfall  over  about  a  mile  circuit  to  the  Monument  Mills.  This 
plant  is  still  in  successful  operation.  The  inductor  alternator 
is  still  rotating  and  furnishing  power,  although  during  the  last 
year  a  number  of  the  old  transformer-motors  have  been  displaced 
by  those  of  more  modern  type. 

It  is  to  be  noted,  however,  that  power  was  transmitted  over 
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long  distances  in  Europe,  especially  by  Dobrovolski  and  C.  E.  L. 
Brown  at  the  Frankfort  Exposition,  before  this  plant  was. 
installed. 

Fig.  8  shows  one  of  the  inductor  alternators  employed  for 
transmission  work  by  the  Stanley  Company.  This  machine  was 
originally  designed  in  1887,  when  models  were  built  at  the  Great 
Barrington  laboratory.  In  1888,  with  Mr.  Frederick  Darlington, 
the  well-known  traction  engineer,  I  developed  a  type  of  alternator 
for  the  production  of  currents  of  constant  volume  under  varying 
conditions  of  electromotive  force.     All  alternating  machines  so 
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far  produced  had  been  made  for  the  purpose  of  supplying  electric- 
ity at  constant  potential.  The  present  machine  contained  no  regu- 
lating mechanism  whatsoever,  but  depended  for  its  regulating 
power  upon  the  proportioning  of  the  fluxes  in  the  two  elements, 
field  and  rotor. 

This  alternator  performed  in  a  very  remarkable  manner. 
When  driven  by  an  engine  without  a  governor,  or  by  any 
variable-speed  source  of  power,  and  when  connected  to  a  series 
of  arc  lamps    (50,    for  example)    it   could  be   instantly  short- 
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circuited  without  changing  the  value  of  the  current  in  its  coils 
and  with  a  proportionate  decrease  in  the  power  applied  to  it; 
that  is  to  say,  it  furnished  an  approximately  constant  value  of 
current  irrespective  of  the  speed  of  rotation  above  a  certain 
minimum,  resistance,  and  inductance,  in  circuit.  It  was  amusing 
to  see  an  engine  run  aiuay  when  the  machine  was  short-circuited 
without  increasing  the  potential  or  current  generated.  These 
machines  were  installed  in  New  York  City  and  other  places  to 
furnish  current  for  arc-light  service ;  but  this  service,  owing  to 
the  imperfections  in  the  arc  lamps  employed,  did  not  prove 
satisfactory. 

In  1890  or  1 89 1  the  maximum  potential  employed  for  dis- 
tributing electricity  by  alternate  currents  was,  I  believe,  about 
2,000  volts.  Happening  to  be  in  Canada  at  that  time,  I  was 
asked  to  advise  the  Quebec  Lighting  Company  how  they  had  best 
expand  their  plant,  which  was  operated  from  the  Falls  of  Mont- 
morency, about  six  or  seven  miles  northeast  of  the  city.  After 
looking  the  subject  over,  I  concluded  to  install  machines  at  the 
falls  that  would  generate  alternating  currents  at  5,000  volts 
potential.  This  was  done,  and  was  the  first  step  towards  increas- 
ing the  transmission  voltage. 

At  that  time  the  largest  transformers  made  were  40-light 
capacity.  The  engineer  of  the  Westinghouse  Company  lent  the 
authority  o-f  his  position  to  the  generally-accepted  belief  that 
transformers  larger  than  2-kilowatts  would  not  be  economical, 
and  wrote  an  elaborate  paper  to  substantiate  his  position.  For 
more  than  a  year  we  had  been  operating  at  Pittsfield  transformers 
of  over  200  lights  capacity,  or  about  lo-kilowatt  size.  So  when 
we  offered  them  to  the  public  we  were  met  by  the  authoritative 
assertion  of  the  Westinghouse  Company  that  they  must  neces- 
sarily be  inefficient.  A  few  tests  by  their  engineers,  however, 
convinced  them  that  their  mathematics  were  incorrect,  and  large 
transformers  began  to  be  produced  by  several  makers. 

It  is  interesting  to  note  the  growth  and  size  of  the  trans- 
formers employed  in  transmission  work  since  1885,  and  the 
growth  of  the  potential  employed  in  distributing  electrical 
energy.     Figs.  9  and  10  illustrate  these  two  factors. 

At  about  this  time,  namely,  in  1892,  Messrs.  Kelly,  Chesney, 
and  myself,  all  of  whom  were  most  busily  engaged  on  the  solu- 
tion of  many  problems  that  I  cannot  l>urden  you  with  this  evening, 
determined  tO'  find  out  at  Pittsfield  if  there  were  anv  limits  in 
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sight  to  the  use  of  higher  potentials  for  Hue  distribution  than 
were  generally  employed.  To  this  end,  we  erected  a  pole  line  on 
the  farm  of  Mr.  Charles  Atwater,  then  president  of  the  Stanley 
Company,  built  a  shanty,  or  transformer  house,  and  set  up  some 
transformers,  which  increased  the  potential  of  the  town  circuit 
from  i,ooo  to  15,000  volts,  connected  the  line  to  this  high  poten- 
tial supply,  conveyed  the  current  around  the  fami  -and  back 
to  the  same  transformer  house,  and  then  transformed  it  down 
to  1,000  and  again  to  100  volts  to  operate  banks  of  lamps  that 
represented  our  distribution  load.  This  system  was  operated 
during  a  Berkshire  winter  for  the  purpose  of  finding  out  if  the 
insulators  would  stand  the  strain  imposed  about  them.  As  the 
result  of  this  Avork  Messrs.  Chesney  and  Kelly,  in  the  following 
year,  advocated  the  first  real  high  transmission  voltag"es  that  were 
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employed  in  this  country,  increasing  them  from  15,000  to  25,000, 
next  to  30,000,  and,  finally,  to  60,000  volts ;  and  under  their  direc- 
tion the  famous  Blue  Lakes  plant  of  California  was  constructed, 
whose  generating  station  produced  alternating  currents  at  60,000 
volts  pressure  and  conveyed  them  over  a  maximum  distance  of 
240  miles. 

Engineers  of  this  country  owe  an  enormous  debt  of  gratitude 
to  the  courage  of  these  two  men,  who,  in  spite  of  the  opposition 
of  strong  financial  interests,  yet  boldly  prophesied  and  success- 
fully introduced  the  use  of  very  high  potentials  for  the  distribu- 
tion of  electricity  over  long  distances. 

The  Blue  Lakes  plant  was  but  the  first  of  dozens  of  other 
plants  of  a  similar  character  that  have  been  installed  and  that 
are  now  taken  as  a  matter  of  common  engineering  experience. 
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It  is  to  be  remembered  that  four  or  five  such  plants  could  supply 
a  belt  of  country  from  the  Atlantic  to  the  Pacific  500  miles  wide, 
furnish  electricity  to  move  all  the  mechanical  appliances,  includ- 
ing traction  service,  and,  further,  light  every  community  that  lay 
in  their  path.  Indeed,  it  seems  very  likely  to  me  that  in  the  not 
far  future,  after  we  have  determined  how  far  it  is  best  to  entrust 
our  public  service  to  the  community  at  large,  the  State  will  run 
electrical  highways  throughout  the  land  for  the  purpose  of  placing 
electricity  in  the  hands  of  the  public  at  a  very  reasonable  price. 
I  have  seen  the  estimates  of  a  distinguished  engineer  that  clearly 
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prove  to  me  that  the  entire  State  of  Illinois  can  be  supplied  with 
electricity  from  three  interlinked  stations,  and  that  these  stations 
would  not  only  supply  the  State  of  Illinois,  but  would  lap  over 
into  the  neighboring  States  and  cover  a  territon,'  nearly  as  large 
on  its  borders. 

Such,  then,  is  a  part  of  the  story  of  the  development  and 
growth  of  the  alternating  system  in  this  country.  It  seems  a 
long  step  from  the  limitations  of  1884  and  1885,  when  the 
maximum  area  served  was  approximately  sixteen  square  miles, 
to  the  present  service  obtainable  from  a  central  source  that  will 
furnish  at  equal  efficiency  an  area  of  400,000  square  miles.  Yet 
I  presume  that  the  advances  of  the  future,  if  they  are  not  in  the 
same  lines  that  we  have  followed  in  the  past,  will  create  an  equal 
impression  in  the  development  of  the  art  until  future  generations 
will  take  their  supplv  of  electricity  in  the  same  manner  that  they 
take  their  water  and  air  supply;  that  is,  as  a  gift  of  nature. 
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New  York. 

Certain  general  characteristics  are  common  to  railways  of 
every  description,  but  each  road  has  its  own  peculiar  conditions, 
which  differ  from  those  of  every  other. 

Such  variations  exist  not  only  between  different  roads,  but 
also  between"  parts  of  the  same  property;  and  the  larger  the 
system,  the  more  pronounced  they  are. 

The  problems  presented  by  these  dift'erences  in  physical, 
financial,  and  traffic  conditions,  with  their  innumerable  com- 
binations, are  complex. 

How  to  solve  them,  so  far  as  it  can  be  done  by  steam  opera- 
tion, is  comparatively  well  understood  through  long  experience. 
Moreover,  the  limitations  of  this  form  of  operation  tend  to 
simplify  the  methods  of  its  application. 

Electrification  presents  new  possibilities  of  solution,  and 
offers  a  wider  range  of  operative  methods.  Which  or  what  com- 
bination thereof  should  be  used  requires  great  engineering  skill. 

There  are  differences  in  engineering  opinion  on  these  fea- 
tures. All  agree,  however,  that  the  electrification  of  any  rail- 
road should  be  viewed  as  a  distinctive  engineering  and  financial 
proposition,  and  that  all  of  the  attendant  conditions  should  be 
carefully  considered  before  electrification  is  decided  upon  or 
the  form  of  its  adoption  determined. 

Somewhere,  and  in  some  manner,  practically  every  problem 
that  may  be  involved  in  the  electrification  of  almost  every  railroad 
has  been  solved,  or  at  least  sufficient  experience  has  been 
obtained  to  determine  the  proper  solution. 

'  Presented  at  joint  meeting  of  the  Electrical  Section,  the  Philadelphia 
Section,  American  Institute  of  Electrical  Engineers,  and  the  American  So- 
ciety of   Mechanical   Engineers,   held   Thursday,   March   7,    1912. 
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It  is  impossible  to  set  forth  all  of  this  experience  or  give 
much  of  its  detail  in  a  paper  of  this  character. 

Descriptions  of  nearly  all  the  important  electrifications  of 
steam  railroads  have  been  printed  by  the  technical  press.  Numer- 
ous papers  of  similar  purport  have  been  read  before  scientific  and 
other  bodies,  and  a  few  statistics  of  costs  and  results  from 
operation  have  been  made  public. 

It  is  desired  to  avoid  mere  repetition  of  the  same  so  far  as 
possible. 

The  experience  secured  with  any  particular  installation,  as 
already  indicated,  cannot  be  advantageously  duplicated  in  its 
entirety  elsewhere. 

Nevertheless,  each  of  its  distinctive  features,  wherever  ob- 
tained, has  its  value  in  detennining  the  advisability  of  further 
railway  electrifications  and  what  their  proper  forms  should  be. 
■  Consequentl}^  this  paper  will  attempt  to  state  only  in  a  gen- 
eral way  some  of  the  things  that  electric  traction  has  accom- 
plished, and  the  bearing  which  these  have  upon  the  electrification 
of  main  line  and  other  railroads. 

The  coming  electrification  of  main  line  railroads  is  prin- 
cipally dependent  upon  the  percentage  of  net  earnings  secured 
to  the  capital  investment  therein,  without  regard  to  attractive 
features,  excq^ting  as  they  develop  passenger  trafific,  or  so 
facilitate  freight  movement  and  delivery  as  to  increase  its 
volume  and  consequent  earnings. 

So  far  as  railroad  electrification  has  progressed,  it  has  shown 
that  the  closer  it  approaches  the  form  of  wdiat  is  considered  to 
be  main  line  operation  the  more  successful  it  is. 

But  just  what  a  main  line  railroad  and  its  service  was,  now 
is,  or  will  be  in  the  future  is  dif^cult  to  definitely  determine. 

The  extent,  character  of  service,  and  possibilities  of  steam 
railroads,  in  their  earlier  years,  were  vastly  different  from  those 
of  the  present. 

A  glimpse  of  these  conditions  is  afiforded  by  the  following 
extracts  from  the  writings  of  Ezra  C.  Seaman,  an  economist  of 
sixty-five  years  ago. 

Referring  to  American  and  European  steam  railroads,  he 
states :  "  Their  profits  are  mostly  derived  from  the  transporta- 
tion of  passengers,  carrying  of  mails,  and  tolls  on  valuable  mer- 
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chandise.  But  a  small  portion  of  it  conies  from  tolls  on  raw 
materials  and  products  of  agriculture." 

"  They  should  follow  population  and  business  and  not  at- 
tempt to  penetrate  the  wilderness  in  advance  of  them." 

Again :  "  The  greater  part  of  agricultural  products  are  so 
cheap  in  proportion  to  their  weight  and  bulk  that  very  few,  if 
any,  railroads  can  yield  much  profit  if  their  principal  income 
is  derived  from  the  transportation  of  such  articles." 

The  same  w^riter  fixes  the  minimum  market  value  of  two 
cents  per  pound  upon  commodities  as  a  figure  below  which  their 
transportation  by  railroad  would  not  be  warranted. 

He  shows  that  in  1845  the  passenger  earnings  of  the  lines 
which  now  constitute  the  New  York  Central  system  from  Albany 
to  Buffalo,  aggregating  3263^  miles  of  track,  were  $1,061,255; 
those  from  freight  but  $129,094 — a  *v^ery  small  proportion  of 
the  total  earnings,  as  should  be  noted. 

In  all  probability,  from  1845  ^^  1850,  main  line  service 
would  have  been  considered  transportation  between  the 
terminals  of  any  of  the  several  distinct  roads  which  made  up 
the  then  existing  rail  connection  between  Albany  and  Buffalo. 

The  greatest  length  of  track  owned  by  any  of  these  railroad 
companies  was  only  78  miles. 

Probably  the  longest  distance  between  the  terminals  of  any 
steam  railroad  in  the  United  States  at  that  time  was  about  150 
miles. 

About  thirty  years  ago,  a  thoroughly  conscientious  president 
of  the  New  York,  New  Haven  and  Hartford  system,  testified, 
under  oath,  that  the  traffic  of  his  system,  especially  its  freight 
business,  was,  and  must  always  be,  local. 

The  present  idea  of  a  main  line  railroad  is  doubtless  the 
main  stem,  at  least,  of  an  extensive  steam  railroad  S3'stem  over 
which  through  ser\-ice  is  operated. 

Yet  no  matter  how  long  or  important  such  a  stem  may  be. 
through  service  thereon,  in  its  strictest  sense,  is  limited  to  the 
longest  possible  continuous  run  of  a  steam  locomotive;  for, 
while  undivided  trains  proceed  over  its  entire  length  and  be- 
yond, the  locomotives  which  haul  them  do  not. 

Looking  well  to  the  future,  it  is  within  the  bounds  of 
possibility  that  ultimately  nothing  short  of  the  through  opera- 
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tion  of  undivided  train  units,  including  locomotives,  from  coast 
to  coast,  or  from  the  Lakes  to  the  Gulf,  may  be  considered  main 
line  or  through  service. 

Possibly  this  same  general  theory  may  take  another  form; 
such,  for  instance,  as  the  nucleus  of  an  extensive  multiple  unit 
train,  starting  for  a  long  continuous  run  and  alternately  picking 
up  additional  cars  or  dropping  them  at  stations  or  branch  line 
junctions  without  stopping. 

Automatically-operated  freight  railways  may  alsoi  appear, 
these  to  coiiinect  great  centres  of  freight  traffic  creation,  such 
as  ore  beds  or  coal  mines,  with  shipping  points  or  great  cities. 

They  would  certainly  constitute  a  distinctive  type  of  purely 
main  line  railroad,  ideal  as  to  moving  an  enormous  tonnage  at 
a  minimum  of  expense. 

It  is  probable  that  in*  the  very  near  future  the  paramount 
reason  for  the  electrification  of  steam  railroads  will  be  to  more 
advantageously  operate  their  freight  traffic,  and  the  well-recog- 
nized advantages  of  electric  traction  in  passenger  transportation 
will  then  be  considered  only  as  an  incidental  benefit. 

Within  a  few  years  the  motor  vehicle  may  transport  upon 
the  highways,  for  equal  or  longer  distances,  a  goodly  portion 
of  what  is  now  considered  to  be  main  line  freight  traffic. 

Relative  to  this  phase  of  possible  development,  a  report 
made  to  the  Association  of  Edison  Illuminating  Companies  in 
September,  1911,  by  a  Committee  on  Electrical  Vehicles,  states: 
"  It  is  a  fact  that  sixteen  times  as  much  freight  was  hauled  on 
roadways  as  on  railroads ;  that  is  to  say,  the  tonnage  of  trackless 
haulage  in  this  country  is  sixteen  times  that  of  track  haulage." 

There  is  no  question  but  that  the  development  and  adoption 
of  electric  traction  upon  rails,  of  electrical  and  mechanical 
methods  for  handling  commodities  at  terminals  and  warehouses, 
and  of  the  motor  vehicle,  will  together  work  radical  changes  in 
freight  handling  and  transportation  from  the  points  of  its  origin 
to  that  of  its  ultimate  delivery.  In  addition,  it  will  greatly 
reduce  the  expense  of  transportation  and  incidentally  modify 
ideas  as  to  what  through  or  main  line  traffic  is. 

But,  returning  to  better  established  conditions,  the  constant 
tendency  in  steam  railroad  opferation  has  been,  and  still  is.  toward 
larger  units  on  every  feature  incident  to  locomotives,  cars,  and 
trains. 
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Electric  railway  operation  has  developed  two  distinctive 
operative  forms :  one  the  highly  efficient  small  unit,  adaptable 
to  a  very  wide  range  and  character  of  service;  the  other  the 
most  powerful  locomotives  that  can  be  produced. 

The  experience  obtained  with  the  first  has  been  of  immense 
value  in  the  production  of  the  other,  and  is  equally  so  in 
detennining  the  future  possibilities  of  steam  railroad  electrifica- 
tion and  operation. 

A  brief  outline  of  what  has  been  accomplished  by  and  with 
the  small  units  is  of  interest,  hence  what  follows: 

American  railway  statistics  have  always  ignored  mining  and 
nearly  all  other  forms  of  industrial  railways.  Nevertheless, 
systems  of  this  character  have  been  an  important  factor  in 
freight  transportation  for  many  years. 

The  first  electric  mining  locomotive  in  this  country  began 
its  operations  in  1887,  but  the  introduction  of  electric  traction 
on  a  commercial  scale  in  the  mining  field  commenced  in  1889 
or  1890. 

At  least  two  electric  locomotives  then  placed  in  operation 
are  known  still  to  be  in  daily  use. 

There  are  at  present  over  10,000  electric  locomotives  oper- 
ated in  this  country  upon  railways  of  the  general  character 
stated.  They  range  in  capacity  from .  a  few  horsepower  each 
to  the  equivalent  of  that  possessed  by  siteam  freight  locomotives 
employed  in  main  line  service. 

Their  number  is  increasing  at  the  rate  of  nearly  1,000  per 
annum. 

The  total  tonnage  now  hauled  by  these  electric  locomotives 
probably  amounts  to  over  one-third  of  the  entire  freight  tonnage 
of  all  American  steam  railroads.  The  length  of  haul,  however, 
is  comparatively  short. 

Despite  this  last-mentioned  j::ondition  and  the  small  capacity 
of  the  locomotives  and  cars  principally  employed  in  such  service, 
mamy  instances  exist  where  the  cost  of  such  haulage  per  ton 
mile  approximates  the  low  figure  of  one  cent,  including  main- 
tenance and  depreciation. 

Results  from  the  electrical  operation  of  mining  and  industrial 
railways  have  shown  that  the  investment  therein  is  fully  war- 
ranted, and  incidentally  has  taught  a  fundamental  lesson  that 
Vol.  CLXXIII,  No.  1038—43. 
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applies  with  equal  force  to  the  electrification  of  main  line  and 
other  railroads;  i.e.,  that  the  standards  by  which  the  investment 
therein  should  be  gauged  are  those  of  net  efficiency  and  the 
greater  flexibility  provided,  not  the  comparative  price  of  steam 
locomotives  by  weight. 

Among  the  class  of  railways  now  under  discussion  should 
perhaps  be  included  a  comparatively  new  and  distinctive  type 
of  electric  main  line  railroad — *that  designed  for  towage  on 
canals. 

Various  experiments  oi  this  nature  have  been  made  in  this 
country,  and  a  few  comparatively  small  installations  are  operated 
in  Europe. 

That  designed  by  Col.  Edward  Schildhauer  for  the  towing 
of  vessels  through  locks  of  the  Panama  Canal  is  the  most  ex- 
tensive and  original  that  has  yet  been  undertaken.  Forty  large 
electric  locomotives  and  other  essentials  to  operation  have  already 
been  contracted   for. 

As  the  vessels  will  be  towed  at  the  rate  of  only  two  miles 
per  hour,  a  natural  query  may  be,  What  has  such  a  service  in 
common  with  the  electrical  operation  of  a  main  line  railroad? 

The  answer  is :  Securing,  at  least,  the  advantages  of  such 
an  accuracy  and  reliability  of  control,  in  moving  enormous 
weights,  as  could  not  be  obtained  by  mechanical  means. 

Turning  now  to  forms  of  railways  that  are  officially  recog- 
nized by  American  National  and  State  authorities : 

Their  general  classification  has  never  been  absolutely  cor- 
rect, and  the  difficulty  of  avoiding  incongruities  therein  has 
greatly  increased  during  recent  years,  which  also  affects  the 
determination  of  what  main  line  roads  are. 

The  following  grand  divisions  have,  however,  been  officially 
established  and  are  usually  adhered  to  by  National  and  State 
authorities  in  this  country : 

"  Railroads,"  which  signifies  steam  railroads. 

"  Street  Railways,"  changed  in  recent  years  to  read  "  Street 
and  Electrical  Railways." 

Simple  as  such  classification  would  seemingly  have  been 
twenty-five  years  ago,  there  were  even  then  over  700  miles  of 
steam-operated  track  included  in  the  enumeration  of  street  rail- 
ways. 
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Some  of  this  was  located  upon  its  own  right  of  way,  and  a 
small  quantity  of  freight  was  transported  thereon. 

Certain  of  this  same  trackage  was  owned  or  controlled  by 
steam  railroad  companies,  and  virtually  constituted  parts  of  their 
systems. 

Steam  locomotives  and  dummies  to  above  600  in  number 
have  been  superseded  by  electric  traction  upon  lines  of  this 
character  formerly  operajted  by  steam,  and  in  every  instance 
better  net  financial  returns  have  resulted. 

The  following  changes  have  come  in  the  general  character 
and  extent  of  so-called  street  railways  since  the  census  of  1890: 

There  were  then  5,661  miles  of  horse  railway  track.  In 
1907  only  136  miles  remained. 

In  1890,  cable  operated.  488  miles.     In  1907,  only  62  miles. 

In  1890  the  trackage  of  surface  electric  lines  was  1,262 
miles.  In  1907  it  had  increased  to  33.983  miles,  and  is  now 
above  41.000  miles. 

In  1890  there  were  569  miles  of  steam-operated  surface 
lines.     In  1907  this  had  decreased  to  62  miles. 

In  1890  the  total  trackage  of  elevated  railways  was  about 
152  miles,  all  steam  operated.  In  1907  there  were  420  miles  of 
elevated  and  subway  track,  all  electrically  operated,  and  this 
total  is  now  above  500  miles. 

These  changes,  so  briefly  stated,  only  partially  indicate  the 
difficulties  in  reaching  a  determination,  from  official  classifica- 
tions, as  to  what  a  railroad,  main  line  road,  or  street  railway 
may  be. 

There  are  8  roads  designated  as  railroads  in  the  United 
States  which  have  but  i  mile  of  track  each;  19  with  but  2  miles; 
25  with  3  miles;  16  with  4  miles;  40  with  5  miles;  18  with  6 
miles;  35  with  7  miles;  29  with  between  7  and  8  miles. 

Among  a  total  of  approximately  125  well-defined  types  of 
interurban  electric  railways,  the  smallest  trackage  reported  by 
any  is  one  with  17  miles  and  another  with  20.  All  the  rest  have 
30  miles  or  over,  and  several  of  the  larger  systems  operate  from 
200  to  450  miles,  respectively. 

Approximately  18  railroads  have  their  electric  sections  or 
divisions. 

Ten  other  railroad  properties  operate  what  is  considered  to 
be  a  mixed  steam  and  electric  service. 
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Large  railroad  systems  own  or  control  several  thousand 
miles  of  street  and  interurban  electric  railways. 

In  about  thirty  instances  electric  railways  have  leased,  and 
electrically  operate,  portions  of  steam  railroad  systems. 

Electric  railways  have  thus  invaded  and  expanded  the  trans- 
portation field  which  main  line  and  other  steam  railroads  alone 
occupied  in  the  past,  as  is  evidenced  by  what  follows : 

They  operate  both  freight  and  passenger  trains  in  regular 
service,  weighing  as  high  as  500  to  600  tons  each. 

The  proportion  of  freight  rolling  stock  to  passenger  equip- 
ment on  some  is  greater  than  that  of  many  so-called  steam  rail- 
roads, and  their  traffic  is  of  a  corresponding  character. 

One  in  the  Far  West  has  a  badly  overcrowded  freight  ter- 
minal, with  a  capacity  of  1,800  cars,  and  is  now  constructing 
another  to  care  for  an  additional  3.500  freight  cars. 

Similar  conditions,  differing  only  in  extent,  exist  in  con- 
nection with  a  large  number  of  other  systems. 

About  one-third  of  the  total  trackage  of  all  these  railways 
is  located  upon  its  own  right  of  way. 

The  average  weight  of  rail  is  probably  heavier  than  that 
laid  by  the  steam  railroads,  and  it  is  said  that  nearly  the  same 
proportion  of  track  is  equipped  with  block  signals  as  on  the 
railroads. 

Longer  unbroken  trips  in  the  same  cars  can  be  made  than 
was  possible  upon  any  steam  railroad  in  the  United  States  a  few 
decades  ago,  or  now  is  upon  many. 

Connecting  lines  and  cars  make  continuous  trolley  rides 
possible  for  many  hundreds  of  miles. 

Through  bills  of  lading  on  freight  are  issued  by  numerous 
roads. 

Several  of  these  operate  express  passenger  train  service,  for 
long  distances,  at  higher  speeds  than  do  competing  steam  rail- 
roads to  the  same  points. 

Chair,  dining,  and  sleeping  cars  are  found  among  the  rolling 
stock  of  these  roads. 

A  number  have  imposing  passenger  stations  in  the  hearts  of 
large  cities,  as  well  as  modern  local  stations. 

Most  of  the  power-equipped  rolling  stock  of  the  electric  rail- 
ways, however,  consists  of  motor  cars ;    yet,  viewed  from  an 
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operative  stand-point,  and  not  by  the  form  of  its  superstructure, 
every  electric  motor  car  is  a  locomotive  which  can  be  operated 
alone  or  with  trailers,  and  in  trains  intermixed  with  other 
motor  cars  and  those  not  so  equipped. 

Out  of  a  total  of  above  75,000  of  these  motor  cars  operated 
by  American  electric  railways,  at  least  20,000  can  exert  a'  greater 
tractive  effort  than  an  equal  number  of  steam  locomotives  that 
are  in  railroad  service. 

Most  of  these  high-powered  cars  have  M.  C.  B.  couplers  and 
Standard  air  brake  equipment. 

Some  other  features  and  problems  of  importance  in  modern 
railroad  operation  have  also  been  worked  out  by  the  electric  rail- 
ways which  place  them  in  advance  of  the  railroads. 

For  instance,  it  is  an  almost  forgotten  fact  that  the  para- 
mount reason  for  the  original  introduction  of  electric  traction 
on  surface  railways  was  to  operate  lines  located  over  heavy 
grades,  where  the  great  cost  of  cable  construction,  equipment, 
and  operation  was  prohibitive. 

The  following  tabulation  confirms  this  statement : 

Number  of  electric  roads 

reporting  their  ruling  Maximum  per 

gradients  in  1890.  cent,  of  grade. 

1  with     15-48 

2  with   from    12  to  15 

3  with  from   lo  to  12 

66  with   from    5  to  10 

42  with  maximum  of    5  or  under 

If  the  writer's  memory  is  correct,  there  was  not  one  of  these 
last  mentioned  but  which  had  maximum  grades  of  well  above  two 
per  cent. 

As  thus  shown,  it  was  early  recognized  in  electric  railway 
practice  that  it  was  wiser  to  make  capital  investment  for  elec- 
trification than  to  incur  still  heavier  expenditures  for  so  reducing 
ruling  gradients  as  to  permit  operation  b}'  steam  or  some  other 
motive  power. 

Strange  to  say,  the  value  of  this  practice  is  not  yet  thoroughly 
grasped  by  all  railroad  financiers,  managers,  and  engineers. 

Within  the  past  few  months,  however,  two  surveys  of  a 
proposed    railroad,    about    i6o   miles   long,    located    through    a 
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rough  mountainous  region,  have  been  made:  one  to  grades  that 
would  permit  of  steam  operation ;  the  other  to  those  which  can 
be  easily  and  economically  operated  by  electricity. 

The  saving  on  capital  investment,  estimated  by  the  locating 
engineers  on  only  6^  miles  of  this  proposed  line,  is  more  than 
sufficient  to  offset  the  cost  of  electrifying  the  entire  i6o  miles. 
Their  estimates  on  the  expenses  of  electrical  operation  were  also 
less  than  those  for  steam. 

Many  millions  of  dollars  have  been  expended  by  railroads 
to  reduce  ruling  gradients,  especially  upon  their  main  lines,  and 
enormous  expenditures  for  the  same  purpose  are  contemplated. 

Needless  to  remark  that  when  such  conditions  are  to  be  met 
the  adoption  of  the  practice  outlined  would,  in  almost  every 
instance,  greatly  improve  the  net  financial  results  secured  from 
main  line  railroad  operation  and  better  the  service  thereon. 

Another  fundamental  discovery  made  by  the  electric  railway 
is  that  the  firsit  essential  to  be  considered  in  railway  electrifica- 
tion is  the  source  and  cost  of  its  current  supply. 

Experience  obtained  in  the  operation  of  electric  railways, 
central  stations,  and  hydro-electric  plants  demonstrates  that  the 
more  thoroughly  current  produced  in  any  electric  power  station 
or  set  oi  stations  is  diversified  in  the  forms  oi  its  utilization,  the 
cheaper  it  can  be  generated  and  the  less  will  be  the  cost  to  the 
user. 

Recognizing  this  fact,  many  electric  railways  have  con- 
solidated with  power-producing  companies,  or  are  furnishing 
electrical  current  for  all  kinds  of  purposes. 

The  perfection  of  such  methods  for  power  generation  and 
utilization  has  been  attained  by  Mr.  Samuel  Insull,  of  Chicago. 

Taking  a  leaf  from  his  book:  A  large  railroad  has  planned 
to  furnish  current  to  others  for  lighting  and  industrial  purposes, 
the  net  revenue  from  which  will  be  more  than  sufficient  to  oft'set 
the  entire  operating  expense  of  its  generating  stations,  which 
were  primarily  intended  for  railroad  operation  only. 

An  incidental  benefit  arises  from  the  fact  that  cheap  electric 
power,  where  it  is  available,  encourages  the  location  and  ex- 
pansion of  industries,  and  consequently  increases  railway  traffic. 

Electric  roads  have  also  shown  how  to  utilize  in  a  profitable 
way  every  foot  of  expensive  real  estate  required  for  city  terminals 
and  passenger  stations. 
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That  their  example  in  this  respect  has  been  followed  else- 
where is  illustrated  at  the  New  Grand  Central  Terminal  and 
the  McAdoo  Terminal  Buildings  in  New  York  City. 

Electric  railways  have  demonstrated  lower  maintenance  costs 
on  buildings,  machinery,  and  rolling  stock  than  has  ever  been 
heard  of  in  steam  operation. 

They  have  shown  how  to  obtain  more  revenue  service  out  of 
the  same  amounts  of  transportation  wages,  and  have  eliminated 
widely-distributed  sources  of  water  and  fuel  supply.  They  have 
also  proven  their  ability  to  operate  the  same  weight  of  trains 
in  the  coldest  weather  with  the  same  tractive  units. 

They  have  made  it  possible  to  avoid  the  haulage  of  un- 
necessary dead  weight. 

They  attain  higher  rates  of  acceleration  in  ordinary  service 
than  can  be  secured  with  steam  under  any  conditions,  and  have 
proved  the  now  universally  conceded  fact  that  electrical  opera- 
tion is  far  more  reliable  than  steam,  and  reduces  the  number 
and  length  of  service  delays. 

Before  discussing  their  financial  conditions,  the  following 
illustration  of  a  phase  of  past  conditions  should  be  given,  because 
it  is  analogous  to  one  of  the  present : 
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Early  electric 
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48 
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1  First  six  months. 

As  is  thus  made  apparent,  the  great  majority  of  cable  in- 
stallations  were   undertaken    after   the    possibilities   of    electric 
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traction  were  realized,  and  continued  after  they  had  been  demon- 
strated as  facts. 

A  similar  attitude  is  now  assured  by  certain  "  railroads  '' 
which  purchase  expensive  steam  locomotives  of  unusual  type  to 
meet  traffic  requirements  on  high  grades,  or  expend  many 
millions  of  dollars  upon  terminals  and  stations  designed  for 
steam  operation  only. 

Now  turning  to  the  financial  side  of  the  situation :  The 
showing  of  street  and  electric  railways  in  statistical  averages  of 
capitalization,  and  its  earnings,  has  been  affected  by  causes  other 
than  electrification,  per  se,  some  of  which  should  be  stated. 

Prior  to  the  introduction  of  electric  traction  the  capitaliza- 
tion of  all  forms  of  street  railways  was  much  above  their  officially 
reported  costs. 

The  sale  and  resale  of  many  city  properties  since  then,  and 
their  frequent  consolidations,  have  enonnously  increased  their 
capital  accounts. 

The  Census  Report  of  1890  states  that  "  the  greater  part  of 
the  electric  roads  are  either  suburban  or  serve  the  people  of 
comparatively  small  cities." 

Their  road-beds  were  then  light,  and  but  little  paving  ex- 
pense had  been  involved,  although  it  has  since  become  one  of 
the  largest  items  that  go  to  make  up  the  total  cost  of  electric 
railway  construction  in  cities. 

The  rolling  stock  principally  consisted  of  electrified  horse- 
cars  or  their  equivalent,  long  since  superseded. 

Since  that  period,  constant  advancement  in  the  art  has  caused 
frequent  increases  in  size,  weight,  and  motor  capacity  of  cars, 
and  the  abandonment  of  existing  types,  to  be  superseded  by 
others.  Similar  experience  has  also  been  had  with  every  other 
essential  required  to  secure  improved  electrical  operation. 

The  early  state  of  the  art,  and  failure  then  to  appreciate  the 
future  growth  and  requirements  of  traffic,  are  accountable  for 
the  original  investment  in  things  that  have  been  discarded.  Public 
demand  for  better  transportation  facilities,  however,  is  respon- 
sible for  the  scrapping  of  what  that  investment  represented  and 
the  increase  in  capitalization  which  necessarily  followed. 

Nevertheless,  it  has  been  proven  that  it  is  advisable,  in  elec- 
trical transportation,  to  set  aside  present  plant  in  which  there 


Electrification  of  Main  Line  Railroads.  593 

is  a  large  investment  and  make  a  further  large  initial  expenditure, 
to  provide  entirely  new  equipment,  in  order  to  obtain  larger 
earnings  from  operation. 

As  affecting  earnings,  it  should  be  stated  that,  from  the 
first,  railroads  have  most  properly  proportioned  their  transporta- 
tion charges  to  the  services  rendered,  basing  them  upon  passenger 
and  ton  mile  rates. 

Against  this,  street  and  electric  railways,  excepting  the  in- 
terurbans,  have  adhered,  and  do  adhere,  to  a  fiat  passenger  rate, 
no  matter  what  the  length  of  passenger  ride  may  be. 

As  the  average  length  of  rides  has  doubled  within  twenty 
years,  it  is  obvious  that  this  method  has  seriously  affected  their 
net  earnings. 

The  average  fare  received  per  passenger  in  1890  on  surface 
street  railways,  in  accordance  with  their  method  of  operation, 
was,  approximately: 

Animal    4.75  cents 

Cable    4.43  cents 

Electric     4.84  cents 

This  averaged  4.3  cents  on  all  surface  electric  roads  in  1907. 
The  approximate  capitalization  per  mile  of  track,  and  net 
earnings  from  operation  thereon  in  1890,  were  as  follows: 

Capitalization        Percentage  of  net 
per  mile  of  earnings  on 

track.  capitalization. 

Animal     $  38,466  4.7 

Cable    175,595  1-5 

Electric     28,569  2.6 

In  1907  the  average  capitalization  per  mile  of  track  of 
all  surface  electric  railways  was  $95,770.  The  percentage  of 
net  earnings  on  the  capitalization  was  4.72. 

The  creation  of  traffic  through  the  attraction  of  electrical 
operation,  coupled  with  its  net  economy,  is,  of  course,  respon- 
sible for  this  last  result. 

One  feature  of  this  is  made  apparent  by  showing  the  aver- 
age number  of  passengers  annually  carried  per  car.  In  1890 
this  was : 
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Animal   54.791 

Cable   6i,6io 

Electric   46,600 


In    1907   this    averaged,    for   all    surface    electric    railways, 

135,576- 

Another  feature  is  the  increased  annual  mileage  per  passenger 
car.     In  1890  this  was: 

Animal    12,738 

Cable    12,798 

Electric   14.967 

In  1907  the  average  mileage  per  passenger  car  was  24,084. 

Although  this  last  is  the  average  of  a  total  service,  prin- 
cipally operated  through  city  streets,  it  is  approximately  20  per 
cent,  higher  than  the  revenue  miles  of  steam  freight  locomotives 
on  the  railroads,  and  about  60  per  cent,  of  the  similar  per- 
formance of  steam  passenger  locomotives. 

For  comparison  on  this  feature  it  should  be  stated  that  the 
annual  revenue  mileage  of  steam  passenger  locomotives  in- 
creased from  30,721  miles  in  1890  to  39,923  in  1907;  but  the 
similar  performance  of  steam  freight  locomotives  decreased  dur- 
ing this  period  from  25,465  to  20,121  miles. 

The  earnings  from  the  transportation  of  freight,  mail,  and 
express  by  the  street  and  electric  railways  grew  from  a  few 
thousand  dollars  in  1890  to  about  $7,500,000  in  1907,  and  it  is 
said  that  the  total  of  these  earnings  in  191 1  was  over  $15,000,000. 

The  one  distinctive  type  of  properties  enumerated  among 
street  and  electric  railways  whose  progress  can  be  most  accurately 
traced  between  1890  and  1907,  and  afterward,  is  the  elevated 
roads.  All  of  these  were  operated  by  steam  in  1890.  as  were 
others  which  came  into  existence  afterward.  In  the  census  of 
1907  the  operations  of  subway  railroads  were  included  with 
those  of  the  elevated  lines. 

The  average  fare  received  per  passenger  on  all  elevated  rail- 
roads in  1890  was  5.02  cents.  Upon  all  elevated  and  subway 
roads  in  1907  the  corresponding  figure  was  4.93  cents.  In  1890 
the  average  capitalization  per  mile  of  track  of  all  elevated  roads 
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was  $561,124,  and  the  net  earnings  from  operation  average  5.5 
per  cent,  thereon. 

In  1907  the  similar  capitalization  of  elevated  and  subway- 
railways  was  $639,668,  and  the  average  percentage  of  net  earn- 
ings from  operation  on  this  amount  was  7.03. 

The  financial  betterments  which  have  come  to  this  class  of 
properties  through  electrification  are  more  clearly  illustrated  by 
giving  brief  glimpses  of  what  has  occurred  on  certain  individual 
properties  of  this  character. 

According  to  the  report  of  the  New  York  Railroad  Com- 
missioners in  1890,  the  capitalization  per  mile  of  track  of  the 
properties  constituting  the  ^Manhattan  Elevated  System  of  New 
York  averaged  $663,318,  and  the  percentage  of  net  earnings 
from  operation  on  capitalization  was  7.2,  the  total  earnings 
being  $4,448,477.  The  system  then  carried  189,974.848  pas- 
sengers. 

In  1901,  just  prior  to  electrification,  the  Railroad  Com- 
missioners' Report  states  the  similar  capitalization  as  $800,162, 
and  the  percentage  of  net  earnings  from  operation  thereon.  4.8, 
the  total  of  such  earnings  being  $4,163,658.  The  total  number 
of  passengers  carried  was   190,045,741. 

In  1904,  after  the  first  year  of  full  electrical  operation,  the 
report  of  the  Railroad  Commissioners  does  not  clearly  state  the 
amount  of  capitalization,  but  it  does  show  that  the  percentage 
of  operating  expenses  to  earnings  from  operation  had  decreased 
from  55.79  in  1901  to  41.2  in  1904,  and  that  during  the  same 
period  the  net  annual  earnings  from  operation  increased  from 
$4,163,658  to  $8,683,139.  The  number  of  passengers  then  car- 
ried was  286,634,195. 

The  annual  report  of  the  Interborough  Rapid  Transit  Com- 
pany for  the  year  ending  Jnne  30.  191 1,  gives  the  percentage 
of  operating  expense  to  earnings  from'  operation  in  that  year,  on 
the  Manhattan  System,  as  41.8.  and  the  total  net  earnings  from 
operation,  $8,974,617.  The  total  number  of  passengers  carried 
was  301,449,292. 

In  this  connection  it  should  be  remembered  that  since  1904 
the  company  which  now  operates  the  ^Manhattan  System  has 
developed  tlie  competing  subway  system,  which  in  the  year  end- 
ing June  30,  191 1,  carried  276,704,796  passengers  and  earned 
net  from  operation,  $8,423,553. 
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The  report  of  the  New  York  Railroad  Commission  in  1890 
gives  the  average  capitaHzation  per  mile  of  track  on  all  of  the 
elevated  railroads  in  Brooklyn  as  $434,905.  Their  total  net 
earnings  from  operation  were  $802,416,  which  average  2.2  per 
cent,  upon  their  total  capitalization.  The  total  number  of  pas- 
sengers then  carried  was  45,207,410. 

The  report  of  the  commission  for  1898,  issued  shortly  before 
the  electrification  of  these  properties,  showed  their  capitaliza- 
tion to  average  $612,535  per  mile  of  track,  and  their  total  net 
earnings  from  operation  as  $625,228,  which  averaged  1.4  per 
cent,  upon  their  total  capitalization.  They  then  carried  44,170,- 
810  passengers. 

Owing  to  the  reorganization,  leasing,  etc.,  which  have  oc- 
curred in  connection  with  these  properties,  the  writer  is  unable 
to  state  their  capitalization  from  public  records  since  that  time, 
but  the  report  of  the  Public  Service  Commission  for  1909  shows 
that  their  net  earnings  from  operation  had  increased  to  $2,248,- 
509  and  the  total  number  of  passengers  carried  to  146,950,607. 

The  elevated  railroads  in  Chicago  have  shown  equally  re- 
markable results  from  their  electrification. 

The  net  annual  earnings  of  the  South  Side  Elevated,  imme- 
diately before  its  electrification,  were  but  $133,029.  Immedi- 
ately thereafter  these  increased  to  $500,448.  In  19 10  these  were 
$803,978,  or  4.4  per  cent,  on  the  total  capitalization. 

On  the  Lake  Street  Elevated,  the  predecessor  of  the  present 
Chicago  and  Oak  Park  System,  in  1895,  when  it  was  operated 
by  steam,  9,936,450  passengers  were  carried.  In  1904,  when 
operated  by  electricity,  it  carried  16,205,328.  Operating  ex- 
penses had  also  decreased  8.2  per  cent,  during  this  period. 

Referring  more  directly  to  the  electrification  of  "  railroads  " 
— so  termed:  Electric  railways  have  assumed  their  functions 
more  rapidly  and  to  a  greater  extent  than  main  line  or  other 
railroads  have  been  electrified. 

A  long  list  of  former  steam  roads  and  branches  that  are 
now  electrically  operated  could  be  given,  but  the  greater  portion 
of  these  are  less  entitled  to  qualify  as  main  line  railroads  than 
a  very  large  number  of  the  so-termed  electric  railways. 

The  larger  electrification  projects  of  American  steam  rail- 
roads that  required  especial  mention  are  these : 
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It  is  regretted  that  but  few  comprehensive  figures  are  avail- 
able upon  the  financial  results  secured  from  any  of  these  elec- 
trifications, but  the  following  is  an  indication  of  what  is  being 
accomplished  in  connection  therewith : 


NEW  YORK,  NEW  HAVEN  AND   HARTFORD  RAILROAD. 

New  York  to  Stamford: 

That  electric  operation  has  been  found  satisfactory  from  a 
financial  stand-point  is  best  evidenced  by  the  decision  of  the  com- 
pany's President  and  Board  to  undertake  extensions  of  electric 
service,  not  only  on  their  main  line,  but  elsewhere.  Their  imme- 
diate plans  in  this  regard  are  broad  and  far-reaching. 


'    NEW     YORK     CENTRAL    AND     HUDSON     RIVER    RAILROAD. 

Grand  Central  Station: 

This  installation  is  not  fully  completed,  in  accordance  with 
the  original  plans,  which  fact  has  naturally  prevented  the  results 
from  operation  appearing  quite  so-  favorable  as  they  will 
ultimately  be. 

Since  the  electrical  service  was  inaugurated,  five  years  ago, 
it  has  been  operated  under  probably  the  most  harassing  and 
perplexing  experiences,  from  exterior  causes,  that  have  ever 
occurred  in  handling  one  of  the  most  dense  train  movements  in 
existence.  This  because  of  the  rapid  and  constant  construction 
changes  at  the  Grand  Central  Terminal. 

Track  locations  and  grades  have  been  shifted  many  times  in 
a  single  year,  which  have  necessitated  corresponding  changes  in 
the  location  of  transmission  cables,  working  electrical  conductors, 
signalling  apparatus,  etc. 

Despite  these  conditions,  the  reliability  of  train  service  has 
constantly  improved,  and  at  all  times  has  been  superior  to  the 
previous  steam  service  in  that  respect. 

Such  a  combined  triumph  of  construction,  engineering  and 
skillful  tenninal  management  has  rarely,  if  ever,  been  seen. 

No  figures  showing  operative  results  have  been  made  public 
since  those  given  in  a  paper  by  Mr.  W.  J.  Wilgus  in  March, 
1908. 
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It  is  understood,  however,  that  considerable  improvement  has 
since  occurred  on  all  phases  of  operation. 

Mr.  Wilgus  states  the  respective  annual  costs  of  service  avail- 
able from  each  steam  and  electric  locomotive,  including  interest 
on  their  cost,  depreciation,  repairs,  inspection,  and  handling,  to 
be;  For  steam,  $4,460.50;  electric  $3,679.00;  annual  saving  of 
electric  over  steam,  $781.50,  or  19  per  cent. 

He  summarizes  the  advantages  of  electric  locomotive  opera- 
tion as  follovvrs : 

19  per  cent,  saving  in  locomotive  repairs  and  fixed  charges, 
the  effect  of  which  has  already  been  shown. 

18  per  cent,  saving  in  dead  time  for  repairs  and  inspection. 

25  per  cent,  greater  daily  ton  mileage. 

6  per  cent,  saving  in  locomotive  ton  mileage  in  hauling  ser- 
vice. 

11  per  cent,  saving  locomotive  ton  mileage  in  switching 
service. 

16  per  cent,  saving  in  locomotive  ton  mileage  in  road  service. 

12  per  cent,  net  saving  in  cost  of  hauling  service. 
21  per  cent,  net  saving  in  cost  oi  switching  service. 

Mr.  Wilgus  has  thus  furnished  a  basis  for  calculation  upon 
\yhat  can  be  expected  from  the  substitution  of  electric  for  steam 
locomotives  on  a  large  scale  which,  if  followed  to  a  logical  con- 
clusion, gives  startling  figures  upon  attainable  economies,  im- 
provement in  service,  and  net  financial  results  in  heaw  railroad 
operation. 

It 'is  to  be  regretted  that  he  did  not  give  much  information 
upon  the  results  secured  from  the  operation  of  multiple  unit 
cars.  If,  however,  they  are  proportionate  to  those  secured  by 
the  Long  Island  Railroad  from  multiple  unit  operation  in  like 
suburban  service,  the  net  financial  gain  therefrom  would  alone 
justify  a  large  part  of  the  New  York  Central's  total  expenditures 
for  electrification. 

PENNSYLVANIA    RAILROAD. 

West  Jersey  and  Seashore: 

Mr.  B.  F.  Wood,  in  an  admirable  paper  of  last  August, 
states  the  total  cost  of  its  electrification  to  be  $8,130,229,  and 
that  in  1910  4,552,532  car  miles  were  run  at  an  average  cost  of 
18.19  cents. 
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Mr.  George  Gibbs,  in  another  paper,  states  that  the  average 
cost  per  car  mile  fo.r  steam  service  on  this  road  was  22.3  cents, 
consequently  a  saving  in  favor  of  electricity  is  shown  of  4. 11 
cents  per  car  mile,  giving  a  total  of  $187,109  saving  in-  this 
regard.  This,  however,  is  not  the  whole  story,  for  traffic  in- 
creased enormously  as  a  result  of  electrification.  It  is  said  that 
prior  thereto  the  net  earnings  from  operation  were  practically 
nil,  while  the  net  earnings  in  19 10  were  about  $700,000. 

Long  Island  Railroad: 

Mr.  Ralph  Peters,  president  of  this  company,  in  his  annual 
report  for  1910,  states:  "The  results  obtained  from  the  opera- 
tion of  your  electrified  lines  continue  satisfactor\^  both  from  the 
standpoint  of  economy  and  increased  business." 

In  a  discussion  before  the  New  York  Railroad  Club  on 
March  19,  191 1,  Mr.  James  McCrea,  general  superintendent, 
strongly  confirmed  the  above  statement  in  detail. 

Mr.  George  Gibbs,  in  his  paper  presented  before  the  Inter- 
national Railway  Congress  in  191  o,  .gives  much  of  interest  con- 
cerning the  results  secured  from  the  electrification  of  the  Long- 
Island  Railroad. 

He  says  that  in  1908  the  total  operating  expenses  per  car 
mile  average  17.8  cents,  against  a  cost  of  27.95  cents  by  steam, 
demonstrating  a  saving  of  10.15  cents  per  car  mile  by  electricity. 
The  total  electric  car  mileage  is  given  as  4,662,230. 

It  will  be  noted  that  the  consequent  saving  from  operating 
this  mileage  electrically  was  $473,216. 

Pennsylvania  Railroad: 

Mr.  George  Gibbs,  in  another  paper,  presented  before  the 
American  Society  of  Civil  Engineers,  May,  191 1,  states: 

The  Pennsylvania  began  operating  trains  to  and  from  the  station  on 
November  27,  1910,  and  in  the  first  ten  months  of  operation  the  average 
number  of  train  movements  in  and  out  of  the  station  each  day,  including 
Long  Island  Railroad  trains,  w^as  430.  The  average  number  of  locomotive 
movements  per  day  was  290.  The  number  of  passengers  carried  by  Penn- 
sylvania Railroad  trains  was  31  per  cent,  greater  at  the  end  of  the  ten 
months  than  during  the  first  month  after  operation  was  begun.  The  in- 
crease in  number  of  passengers  carried  on  Long  Island  Railroad  trains  was 
92  per   cent.     During   the   past   seven   months   the   passenger   receipts   of   the 
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Long  Island  Railroad  have  increased  i6i  per  cent.  There  have  been  no 
delays  whatever  to  trains  by  reason  of  failures  of  the  power  supply  in  the 
power-house  or  in  the  transmission  system.  There  have  been  only  three 
delays  caused  by  current  being  off  of  one  or  more  sections  of  the  third 
rail.  During  the  same  period  there  have  been  only  four  locomotive  failures 
causing  delays  to  trains.  The  electric  locomotives  ran  189,000  miles  per 
failure,  and  the  miles  run  per  minute  of  train  detention  due  to  locomotive 
failures  were  75,000. 

The  principal  reasons  why  much  more  electrification  of  main 
lines  and  other  railroads  has  not  been  accomplished  in  this 
country  are  generally  considered  to  be  these : 

First.  That  as  a  result  of  political  agitation  the  railroads 
for  several  years  have  been  so  harassed  by  National  and  State 
authorities  as  to  make  it  difficult  for  them  to  raise  additional 
capital  required  for  electrification  or  any  other  important  better- 
ments. 

Second.  The  "  battle  of  the  electrical  systems  "  which  has 
raged  among  electrical  engineers. 

Third.  Past  traditions  and  conservatism  prevailing  in  rail- 
road circles. 

That  the  first  is  paramount  to  the  others  is  indicated  by 
what  immediately  follows : 

Such  governmental  attacks  upon  the  railroads  are  unknown 
in  other  countries. 

The  "  battle  of  the  systems  "  now  rages  there  even  more 
fiercely  than  here. 

American  railroad  men  are  universally  conceded  to  be  the 
most  progressive  in  the  world. 

The  United  States  has  outstripped  all  other  countries  com- 
bined in  the  development  of  local  and  interurban  electric  rail- 
ways. 

Yet  more  electrification  of  main  line  and  other  railroads  has 
been  accomplished  and  is  in  progress  abroad  than  here.  The 
principal  cause  is  therefore  obvious. 

Time  and  space  are  not  now  available  in  which  to  describe 
the  progress  of  railroad  electrification  in  other  countries  at 
great  length,  but  it  is  briefly  as  follows : 

Several  important  projects  of  this  character  are  about  to 
be  undertaken  in  Canada. 

In  Cuba  the  Havana  Central  Railroad,  a  system  with  y^ 
Vol.  CLXXIII,  No.  1038—44.  '    ^ 
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miles  of  track,  operates  twenty-five  large  motor  cars  and  ten 
50-ton  electric  locomotives. 

It  is  doubtful  if  any  railroad  of  the  same  length  and  similar 
surroundings  in  this  country  enjoys  so  heavy  and  profitable 
freight  and  passenger  trafific. 

It  probably  affords  the  first  instance  in  the  world  where  a 
full-fledged  standard  railroad  was  designed  and  constructed,  from 
the  ground  up,  for  electrical  operation. 

Decision  to  adopt  this  course,  instead  of  constructing  a  steam 
railroad,  wa&  determined  by  the  cost  of  establishing  and  operat- 
ing water  stations  for  steam  locomotivesi,  with  their  expensive 
upkeep  and  high  cost  of  locomotive  maintenance  that  would  be 
occasioned  by  the  corrosive  action  of  the  only  water  available. 

Subsequent  experience  has  demonstrated  that  all  other 
features  of  operating  expense  were  much  below  the  original 
estimates  thereon,  and  that  the  greater  flexibility  of  service 
afforded  by  electric  traction  has  developed  freight  and  pas- 
senger traffic  far  above  expectation. 

In  conservative  Great  Britain,  the  experiences  with  electrifica- 
tion of  tramways,  and  on  local  lines  at  London  and  elsewhere 
with  a  service  similar  to  our  subways  and  elevateds,  have  been 
equally  favorable  to  that  secured  in  this  country. 

The  most  important  railroad  electrifications  there  are  those 
of  the  North  Eastern,  radiating  from  Newcastle-on-Tyne ;  the 
Liverpool  and  Southport  Division  of  the  Lancashire  and  York- 
shire ;  and  local  lines  of  the  London,  Brighton  and  South  Coast, 
closely  adjacent  to  London. 

The  managements  of  all  three  of  these  properties  have  re- 
peatedly made  public  announcement  tO'  the  effect  that  the  financial 
results  from  their  operation  were  most  satisfactory. 

Although  the  comparative  capitalization  of  British  railroads 
is  much  higher  than  that  of  American  roads,  nearly  all  of  the 
larger  British  systems  are  now  seriously  contemplating  more  or 
less  extensive  electrification. 

Germany  has  already  accomplished  much  in  the  same  direc- 
tion, the  results  from  which  are  officially  certified  to  as  war- 
ranting the  necessary  capital  expenditure. 

Notably  high-ispeed  records  have  also  been  made  upon  Ger- 
man electrified  roads. 

France  has  had  conspicuous   railroad   electrifications   for  a 
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number  of  years,  the  most  important  being  those  of  the  Paris 
and  Orleans ;  Paris,  Lyons  and  Mediterranean,  and  The  Western 
of  France,  at  and  in  the  vicinity  of  Paris.  The  results  secured 
from  the  operation  of  all  of  these  have  been  officially  and  fre- 
quently stated  to  be  satisfactory,  and  it  is  said  that  each  and 
all  of  these  electrifications  will  soon  be  extended. 

The  Southern  or  Madi  System,  one  of  the  most  important 
in  France,  has  already  commenced  to  electrify  several  hundred 
miles  of  its  trackage. 

Austria,  Sweden,  and  Norway  have  undertaken  railroad 
electrification,  and  reports  from  each  and  all  indicate  favorable 
financial  results. 

Italy  and  Switzerland  have  accomplished  still  more,  with 
equally  favorable  results. 

Probably  these  two  countries  afford  the  best  existent  illus- 
trations of  strictly  main  line  electrification  through  operation  of 
long  tunnels  and  contiguous  service. 

The  most  important  is,  perhaps,  the  Giovi  Line,  which  con- 
stitutes a  goodly  part  of  a  main  transportation  arter}^  extending 
from  Genoa  (the  nearest  available  seaport)  to  one  of  the  greatest 
and  most  rapidly  growing  industrial  districts  of  the  world, 
Lombardy. 

The  physical  conditions  of  the  road  are  very  similar  to 
those  of  certain  American  transcontinental  lines  in  the  moun- 
tainous regions  of  the  Far  West,  excepting  that  the  tunnels  are 
more  numerous  and  located  closer  together. 

The  freight  traffic  is  equally  heavy  and  dense.  In  the  past 
the  train  movements  by  steam  were  as  frequent  as  the  ventilation 
of  the  tunnels  would  permit. 

The  rapidly-increasing  traffic  necessitated  either  electrifica- 
tion or  the  construction  of  a  parallel  steam  road.  The  former 
course  was  adopted  because  of  the  enormous  expense  involved 
ih  the  latter.  But  it  is  officially  stated  that  the  financial  result 
secured  from  electrical  operation  has  demonstrated -that  its  cost 
was  well  warranted  without  regard  to  the  reason  which  caused 
its  adoption. 

This  situation  is  analogous  to  one  in  this  cotmtry  where 
it  was  desired  ultimately  to  increase  the  train  movements  on  a 
certain  mountainous  division,  and  concerning  which  a  lately- 
deceased  prominent  railroad  president  tersely  remarked  that  it 
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was  either  a  question  of  taking  two  years'  time  and  expending 
$8,000,000  to  electrify  the  division,  or  of  devoting  eight  years 
to  the  construction  of  a  new  route  for  steam,  which  would  cost 
$40,000,000,  and  then  electrify,  if  it  was  to  be  operated 
economically. 

In  conclusion,  the  hope  is  expressed  that  this  paper  has 
demonstrated  the  following: 

Conditions  of  no  two  railways  are  identical. 

Electrification  of  each  or  all  requires  careful  engineering 
consideration. 

The  adoption  of  electrification  is  principally  dependent  upon 
the  financial  results  attainable  therefrom. 

It  is  difficult  to  exactly  define  a  main  line  railroad. 

"  Railroading  "  is  "  railroading,"  no  matter  by  what  motive 
power  it  is  accomplished. 

The  small  unit  is  an  important  factor  in  perfecting  rail  trans- 
portation methods. 

That  the  comparatively  high  capitalization  of  street  and  elec- 
tric railways  is  not  entirely  attributable  to  electric  traction. 

The  financial  results  obtained  from  electrical  operation  of  all 
kinds  and  types  of  railways  justify  its  more  general  adoption  by 
the  steam  railroads. 

That  political  and  governmental  agitation  is  principally  re- 
sponsible for  America  not  having  made  greater  advancement  in 
this  last-mentioned  direction. 

DISCUSSION. 

Mr.  Wood:  I  cannot  add  anything  to  what  Mr.  Clark  has 
said ;  in  fact,  he  has  said  it  all ;  he  wound  up  by  taking  away 
all  the  ammunition  I  had.  There  were,  however,  a  few  things 
that  I  may  allude  to.  Mr.  Clark  gave  three  principal  reasons 
for  the  electrification  of  railroads,  or,  rather,  why  electrification 
has  not  made  more  progress  than  it  has  done.  The  first  one  was 
on  account  Of  political  influences,  and  the  second,  the  battle  of 
systems.  In  my  opinion,  it  is  more  a  battle  of  systems  than 
political  influences,  and  T  think  the  retardation  of  the  develop- 
ment of  the  electrical  railway  is  largely  because  there  was  only 
one  system ;  that  is,  there  was  only  the  direct-current  system 
at  that  time.  It  strikes  me  it  is  up  to  the  electric  companies 
to  show  the  steam  railroads  that  they  are  going  to  stand  back 
of  that  system. 
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Mr.  Darlington  :  I  am  like  Mr.  \\'ood ;  I  kept  running 
through  in  my  mind  what  I  had  to  say  to  you  if  called  upon,  and 
Mr.  Clark  has  touched  upon  nearly  everything  in  electric  rail- 
roading, and  I  do  not  think  there  are  any  new  features  that  I  can 
talk  to  you  about. 

There  are  a  few  points  about  which  I  take  a  little  different 
view  from  Mr.  Clark,  although,  in  the  main,  I  agree  with  what 
he  had  said  to-night.  He  has  ably  summarized  the  broad  facts, 
yet  some  of  the  summaries  are  capable  of  different  interpreta- 
tions. For  instance,  one  of  his  conclusions  is  that  the  more 
closely  electric  railroad  practice  approaches  a  form  of  what  is 
considered  "main  line  operation,"  the  more  successful  the  electric 
practice  is. 

This  might  be  construed  in  a  broad  sense  to  give  an  incorrect 
conclusion  if  we  consider  the  work  now  being  done  by  main  line 
steam  railroads.  A  great  deal  of  the  work  now  being  done  by- 
electric  railroads  is  trolley  road  work,  and  they  are  doing  it  in 
a  better  and  different  way  from  the  steam  roads.  A  great  pro- 
portion of  the  trolley  road  mileage  is  situated  in  the  Middle  West, 
in  Illinois,  Indiana,  and  Ohioi,  and  90  per  cent,  of  it  is  parallel 
to  steam  roads,  and  they  are  doing  local  business  better  than  the 
steam  roads,  and  that  is  one  of  the  sources  of  profit  to  electric 
railroads  and  one  of  the  reasons  for  their  existence. 

Mr.  Clark  points  out  one  way  in  which  local  transportation 
by  electric  power  is  advantageous,  when  he  speaks  of  what  the 
motor  vehicle  may  be  expected  to  accomplish.  He  predicts  that 
the  time  will  come  when  a  large  part  of  the  local  business  now 
done  by  main  line  railroads  will  be  done  by  motor  vehicles. 
This  local  business  electricity  is  particularly  well  fitted  tO'  do. 

One  very  interesting  thing  Mr.  Clark  has  said  which  we  are 
glad  to  hear  is  that  engineers  on  railroad  construction  are  tak- 
ing into  consideration  the  difference  between  steam  and  electric 
motive  power.  The  economy  of  railroad  construction  for  steam 
locomotives  has  been  set  forth  in  many  books  on  "  Railroad 
Location,"  but  the  great  difference  in  the  characteristics  of  steam 
and  electric  motive  power  makes  a  large  difference  in  the  economy 
of  railroad  location  for  the  two  kinds  of  motive  power,  and 
Mr.  Clark  says  that  six  and  one-half  miles  of  changed  grade, 
suitable  for  electric  road,  in  one  instance  under  consideration,  will 
pay  for  the  entire  electrification  of  160  miles  of  steam  railroad, 
and  that  after  the  road  is  electrified  the  operating  expenses  will 
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be  less  than  for  steam  operation.  That  is  one  of  the  most  inter- 
esting things  he  has  said  to-night. 

There  is  one  other  matter,  and  that  is  the  economy  of  diver- 
sified use  of  power  from  a  single  central  station,  supplying 
electricity  for  railroad  motive  power,  for  industrial  uses,  for 
electric  lighting,  and  for  all  uses  of  power.  There  is  a  large 
economy  in  this  combination,  and  it  is  one  of  the  most  important 
considerations  leading  to  railroad  electrification. 

The  importance  of  centralization  of  power  generation  is 
shown  by  the  whole  history  of  the  electric  business,  which  started 
with  small  central  stations  for  lighting  and  for  small  motors,  and 
then  got  to  large  motors,  and  then  to  large  power  plants  in 
factories,  all  served  from  single  stations.  A  great  expense  and 
a  great  source  of  loss  to  the  originators  of  this  kind  of  business 
was  from  obsolescence,  the  becoming  useless  of  the  plants  which 
had  become  too  small.  The  central  station  business  has  been 
concentrated  in  stations  of  larger  size,  that  are  suitable  for 
expansion  to  meet  all  needs,  because  large  plants  are  more 
economical  than  small  ones,  and  better  transmission  systems  have 
been  discovered,  and  made  large  central  plants  practical,  and 
consequently,  obsolescence  to-day  is  not  as  serious  as  it  was, 
because  changes  in  conditions  and  need  for  larger  powers  do  not 
mean  that  the  old  plant  must  be  set  aside.  They  simply  mean  the 
addition  of  another  generating  unit.  Central  power  plants  are 
meeting  the  demand  of  railroad  motive  power  much  better 
to-day  than  a  few  years  ago.  Among  the  different  central 
station  plants,  Mr.  Clark  has  mentioned  Chicago,  which  is  an 
ideal  example  of  the  modern  central  station. 

Wherever  large  central  plants  exist  there  is  an  opportunity 
for  the  steam  locomotive  to  be  replaced  with  electric  engines  by 
operating  them  from  these  big  central  stations,  and  thus  getting 
the  same  advantages  of  large  centralized  units  of  power  that  are 
now  being  obtained  by  factories  and  mills. 

Reliability :  The  fear  of  unreliability  has  been  one  of  the 
bugbears  that  railroad  men  have  honestly  and  seriously  consid- 
ered, and  it  has  stood  in  the  way  of  electrification.  With  only 
one  generating  and  transmission  system  to  fall  back  upon,  in  case 
of  failure,  they  say,  "  Our  eggs  are  all  in  one  basket,  and  if  any- 
thing breaks  down,  we  will  have  to  quit." 

The  truth  of  the  matter  is,  the  fear  of  unreliabilitv  is  onlv  a 
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bugbear.  The  reliability  of  an  electric  locomotive  is  much  greater 
than  steam ;  it  is  not  affected  by  cold  weather  and  many  other 
troubles  that  cause  frequent  delays  to  steam  trains.  So  far  as 
the  distribution  of  electric  power  is  concerned,  it  is  so  much 
more  reliable  than  steam  engines  that  failure  in  transmission  is 
hardly  worthy  of  consideration. 

There  is  one  other  thing  Mr.  Clark  said  which  I  do  not  quite 
agree  with;  that  is,  the  reason  why  the  railroads  of  foreign 
countries  have  progressed  further  than  we  have  in  the  electrifi- 
cation of  their  roads.  This  is  a  subject  that  I  have  considered 
seriously,  and  I  would  like  to  know  the  answer.  It  is  one  of  the 
important  things  for  the  railroad  officials  and  for  the  public  to 
know.  Mr.  Clark  says  electrification  of  railroads  is  retarded  in 
this  country  by  political  agitation.  I  do  not  think  that  is  the 
chief  reason  we  are  behind  European  countries  in  electrification 
of  railroads.  The  truth  is,  our  railroads  are  growing  so  rapidly 
in  the  amount  of  traffic  to  be  handled,  and  they  are  seeking  such 
large  returns  on  their  capital,  that  they  can  not  stop  for  electri- 
fication. It  has  often  been  stated,  and  I  believe  correctly,  that  if 
railroads  would  be  satisfied  to  make  10  or  12  per  cent,  on  their 
capital  they  could  spend  money  freely  to  electrify  their  tracks. 
Now  our  Legislature  is  stepping  in  and  our  Government  is  tak- 
ing a  paternal  interest  in  our  railroads  and  saying  we  are  going 
to  prevent  your  making  too  much  money,  and  charging  unduly 
high  rates  for  your  services,  etc.,  but  we  are  going  to  allow  you 
to  make  a  fair  return  on  the  capital  invested ;  we  will  regulate 
that  by  adjusting  rates.  That  is,  I  understand,  the  attitude  oi 
the  Government.  I  think  that  in  the  end,  when  this  is  once  fully 
understood,  it  will  make  the  railroads  feel  freer  and  easier  in 
going  into  electrification ;  that  they  will  be  allowed  to  make  a 
fair  return  on  the  capital  invested,  and  that  will  be  on  a  basis  of 
8  or  10  per  cent.,  more  or  less,  and  if  that  is  so,  railroads  in  the 
United  States  will  be  encouraged  to  go  into  electrification. 

Mr.  J.  B.  Klumpp:  We  have  listened  to  an  exceedingly 
interesting  and  instructive  paper  presented  by  Mr.  Clark.  The 
statistics  that  he  has  presented  to  the  Institute  and  the  two 
societies  contain  much  information  that  is  valuable,  and,  while 
we  cannot  absorb  the  figures  as  they  were  read,  they  will  make 
a  most  valuable  reference  paper,  coming  from  such  a  prominent 
authority  as  the  reader. 
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There  seems  to  have  been  some  discussion  as  to  the  factor 
that  has  caused  the  electrification  of  foreign  railroads,  more 
particularly  those  on  the  European  continent.  It  seems  to  me  that 
one  of  the  reasons  for  this  electrification,  while  undoubtedly  due 
to  the  heavy  traffic  and  short  haul,  was  influenced  by  the  attitude 
of  the  Germans  and  Italians,  in  tending  to  conserve  their  fuel 
supply.  If  we  follow  for  the  last  ten  years  the  activities  of  the 
Germans  in  certain  fields,  such  as  the  development  of  the  internal 
combustion  engine  and  the  gas  producer,  we  will  appreciate 
how  willing  they  are  to  make  investments  at  a  much  greater 
cost' on  first  installation,  to  be  able  to  reduce  their  operating 
charges  to  any  extent,  and  at  the  same  time  to  produce,  for 
instance,  a  horsepower  hour  for  an  expenditure  of  half  the 
quantity  of  fuel  in  the  shape  of  coal  or  oil. 

When  we  consider  that  by  the  electrification  of  railroads 
large  central  stations  may  be  employed  running  on  a  coal  con- 
sumption of  from  one  tO'  three  pounds  of  co'al  per  horsepower 
hour,  and  which  can  displace  the  many  small  units  in  locomotives, 
operating  anywhere  from  five  to  fifteen  pounds  per  horsepower 
hour,  you  will  appreciate  the  advantages  obtained  by  such 
electrification.     • 

The  same  conservation  of  energy  is  obtained  by  utilizing  the 
current  generated  from  the  water  powers  that  have  been  so  com- 
pletely developed  on  the  continent. 

A  similar  development  of  water  power  in  the  United  States 
should  exert  an  influence  toward  the  electrification  of  some  of 
our  railroads,  especially  in  those  sections  where  the  water  supply 
is  abundant  and  the  utilization  of  this  power  for  other  purposes 
is  not  possible.  This  might  be  particularly  applicable  in  some  of 
our  mountainous  Western  districts  where  the  grades  are  exceed- 
ingly heavy  and  the  coal  supply  scarce. 

Mr.  G.  R.  Henderson  :  Mr.  President,  I  agree  with  quite 
a  number  of  points  that  Mr.  Clark  has  brought  up,  particularly 
when  he  says  that  each  road  is  a  problem  to  be  worked  out  by 
itself ;  but  I  cannot  agree  with  him  on  the  ground  that  it  is  polit- 
ical intrigue  or  a  battle  of  systems  that  prevents  the  electrification 
of  railroads.  I  think  it  is  purely  and  simply  a  financial  proposi- 
tion, and  I  do  not  think  it  is  possible  to  show  an  honest  return  on 
the  electrification  of  a  great  man)^  of  our  main  lines  of  railroads. 
All  the  lines  that  have  considered  it  have  argued  from  the  view 
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point  of  smoke  in  their  tunnels  or  congestion  of  traffic.  In  other 
words,  if  we  had  had  any  of  the  great  tunnels  electrified  there 
would  have  been  no  smoke,  and  the  electrification  of  the  road 
itself  would  probably  never  have  l)een  brought  up  if  it  had  not 
been  for  complaints  of  the  smoke  nuisance  experienced  by  those 
who  had  to  go    through  their  tunnels. 

The  New  York,  New  Haven  &  Hartford  had  to  electrify  part 
of  its  road  in  connection  with  its  traffic  with  the  New  York 
Central.  The  West  Jersey  &  Seashore  Line  from  Camden  to 
Atlantic  City  is  not  troubled  with  tunnel  connections,  but  there 
is  a  great  density  of  traffic. 

In  Europe,  not  only  the  density,  but  the  uniformity  of  traffic 
is  one  of  the  reasons  for  electrification  being  so  much  more 
advanced  over  there  than  it  is  here.  In  Europe  there  is  a  con- 
stant uniformity  of  traffic  due  to  density  of  population,  which 
ensures  a  steady  return  on  the  investment. 

The  paper  by  Mr.  W^ilgus  when  analyzed  showed  that  if 
the  uniformity  of  traffic  had  been  less  regular,  there  would  have 
been  a  loss  instead  of  a  gain  in  the  electrification,  and  that  if  they 
were  able  to  operate  with  only  one-half  of  such  a  load  factor  as 
they  were,  the  interest  on  the  money  invested  in  the  power  house 
would  be  sufficient  to  overcome  all  the  benefits  of  the  electric 
traction. 

The  elevated  lines  in  New  York,  the  Subway  Tunnel,  and  the 
Chicago  elevated  have  been  referred  to  as  illustrating  the  bene- 
fits of  electric  traction  in  the  reduction  of  operating  expenses, 
but  the  uniformity  of  traffic  is  applicable  there  also. 

On  many  lines  in  the  West  there  are  a  great  many  places 
where  there  would  not  be  any  chance  to  distribute  any  surplus 
electric  power,  because  for  one  thing,  there  is  not  anybody  within 
a  hundred  miles  of  many  of  the  places  to  use  the  current.  Each 
division  would  have  to  be  large  enough  to  handle  any  congestion 
that  might  come  over  the  line.  Very  often  some  divisions  will 
have  only  one  or  two  trains  a  day  for  four  or  five  days  in  the 
week,  and  then  perhaps  on  two  nights  stock  trains  will  follow 
each  other  at  ten  or  twenty  minute  intervals,  which  they  have  to 
do  in  order  to  deliver  the  cattle  in  the  Kansas  City  or  Chicago 
markets  in  time  for  the  cattle  to  be  sold  next  day,  and  if  there 
is  any  loss  in  the  market  price,  the  railroads  have  tO'  stand  for  it. 

When  you  consider  that  a  steam  locomotive  can  be  built  for 
in  the  neighborhood  of  $15  per  horsepower  and  the  power  house 
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and  distribution  system,  will  cost  $ioo  per  horsepower,  and  when 
we  consider  that  we  cannot  move  a  power  house  from  one  point 
to  another  as  we  can  a  locomotive,  the  reason  why  electrification 
does  not  progress  faster  is  not  hard  to  find.  In  the  case  of  the 
steam  railroad,  if  there  is  a  call  for  locomotives  on  any  division, 
we  can  move  them  where  we  need  them. 

Take,  for  instance,  the  Northern  Michigan  lines,  that  are 
entirely  closed  up  in  winter,  and  in  the  summer  time  the  business 
is  very  heavy.  In  the  winter  time  the  locomotives  are  drawn 
from  those  divisions  that  are  closed  up,  and  placed  where  they 
can  be  kept  busy. 

It  has  been  stated  that  a  great  deal  of  the  increase  in  returns 
on  electrified  lines  has  been  due  to  the  increased  traffic  resulting 
from  the  change.  Now  I  do  not  know  that  the  user  would  find 
any  satisfaction  in  receiving  or  that  the  shipper  would  find  any 
satisfaction  in  shipping  a  carload  of  coal  over  an  electric  road, 
any  more  than  over  a  steam  line.  It  is  well  known  that  railroads 
make  nearly  all  .their  living  from  freight  traffic.  If  we  consider 
this,  I  do  not  think  there  is  any  reason  for  any  argument  like 
that  being  made.  We  must  have  locomotives  to  haul  those  cars, 
and  I  think  the  whole  thing  is  simply  a  question  of  cost.  Per- 
sonally, although  I  do  not  know,  I  would  not  be  surprised  to 
find  that  the  Pennsylvania  Railroad  intended  to  electrify  their 
lines  from  New  York  to  Washington.  The  Baltimore  and  Wash- 
ington terminals  certainly  need  electrification. 

There  is  another  thing  to  be  considered,  and  that  is  in  the 
mixing  of  the  steam  locomotives  and  the  electric  locomotives, 
the  expense  of  the  two  together  are  much  greater  than  where  one 
is  used.  The  changes  from  electricity  to  steam  make  the  opera- 
tion cost  greater,  by  requiring  additional  crews  which  make  a 
shorter  mileage. 

It  is  not  a  question  of  politics  or  a  battle  of  systems.  I  think 
that  either  the  A.  C.  or  the  D.  C.  system  will  give  good  service, 
as  has  been  demonstrated  on  the  New  Haven  and  the  New  York 
Central  lines.  Until  the  country  is  populated  enough  to  insure 
enormous  traffic  and  great  uniformity,  I  doubt  whether  we  will 
see  a  great  advancement  in  electrification,  and  when  we  consider 
the  main  lines  of  the  United  States  and  a  general  electrification 
scheme,  I  am  satisfied  that  there  would  not  be  sufficient  return 
to  be  interesting  at  all  as  a  financial  proposition. 
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AWARD  OF  THE  ELLIOTT  CRESSON  MEDAL  TO 
DISTINGUISHED  SCIENTISTS. 

In  its  action  of  awarding  the  Elliott  Cresson  Medal  to  the  eminent 
scientists  and  technologists  whose  biographical  sketches  appear  below,  the 
Committee  on  Science  and  the  Arts  has  again  carried  out  its  principle  of 
according  the  highest  recognition  in  its  power  to  men  who,  by  their  distin- 
guished achievements,  have  made  their  names  a  by-word  among  their  fellow- 
scientists  and,  indeed,  among  the  whole  human  race. 

Appointed  primarily  for  the  purpose  of  examining  inventions  with  a  view 
to  encouraging  their  originators,  this  committee's  field  of  activities  has  now 
become  extended  to  the  consideration  of  the  life-work  of  such  men  who, 
by  their  original  and  fruitful  research,  have  contributed  materially  to  the 
sum  of  human  knowledge. 

While  it  is  true  that  to  perfect  a  specific  invention  often  involves  many 
years  of  study  and  labor  on  the  part  of  the  inventor,  it  is  nevertheless  some- 
times the  case  that  he  receives  valuable  suggestions  from  the  work  of  some 
master  mind  in  the  field  before  him.  At  the  time  of  the  introduction  of  his 
invention,  in  the  light  of  the  admiration  evoked,  this  influence  may  not  at 
once  be  apparent,  and  it  is  only  after  this  emotion  has  subsided — often  after 
many  years — that  it  becomes  revealed. 

In  this  age  of  world-wide  research,  therefore,  when  the  difficulty  of  dis- 
criminating between  the  instigator  and  propagator  of  an  idea  cannot  be 
entirely  removed  and  due  recognition  accorded,  the  necessity  of  meeting  it 
by  departing  from  the  original  lines  and  honoring  those  comparatively  few 
master  minds  in  the  fields  of  science  has  arisen. 

Each  of  the  noted  scientists  below  has  been  the  author  of  ideas  that  have 
led  to  a  number  of  inventions  in  use  in  the  arts  and  industries.  Many  of  these 
inventions — attributed  either  to  themselves  or  to  their  co-workers  and  col- 
laborators— have  already  individually  received  high  recognition.  At  this  time, 
however,  it  is  for  that  masterful  research,  the  influence  of  the  results  of 
which  has  already  been,  and  must  always  be,  of  inestimable  value  to  their 
fellow-men,  that  the  Franklin  Institute  pays  its  highest  tribute  to  the  following 
distinguished  scientists : 

ALEXANDER  GRAHAM  BELL,  Sc.D.,  LL.D. 

Prof.  Alexander  Graham  Bell  was  born  at  Edinburgh,  Scotland,  in  1847. 
He  was  educated  at  the  Edinburgh  High  School  and  University,  and  trained 
by  his  father  in  the  latter's  system  for  restoring  speech  to  deaf-mutes. 

In  1870  he  removed  with  his  father  to  Canada,  and  in  1871  came  to 
Boston  as  professor  of  vocal  physiology  in  Boston  University,  where  he 
taught  his  father's  system  with  success. 
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He  had  long  been  experimenting  on  the  electrical  transmission  of  sound, 
had  designed  and  partly  constructed  a  speaking  telephone  while  in  Canada, 
and  in  1876  he  took  out  a  patent  for  it.  The  invention  was  exhibited  at  the 
Centennial  Exposition  in  Philadelphia  that  year,  and  foreign  scientists 
applauded  it  warmly.  Professor  Bell's  discovery  of  the  necessity  of  a  con- 
tinuous and  variable  current  for  the  transmission  of  articulate  sounds,  in 
place  of  the  interrupted  and  uniform  electrical  impulses  which  had  long 
been  the  only  means  conceived  for  the  purpose,  formed  the  fundamental 
basis  of  telephonic  science  and  art.  Among  his  other  important  inventions 
are  the  photophone  and  the  graphophone.  His  meteorological  researches,  and 
especially  his  investigations  of  aerial  currents,  have  afiforded  valuable  data 
for  the  advancement  of  the  art  of  aviation. 

He  has  never  abandoned  his  first  field,  however — that  of  the  instruction 
and  advancement  of  deaf-mutes — and  has  investigated  and  written  much  on 
the  subject,  publishing  his  papers  through  the  Volta  Bureau,  which  he 
founded.  He  has  long  held  the  foremost  place  in  this  field,  and  has  been 
president  of  the  American  Society  to  Promote  Teaching  of  Speech  of  the 
Deaf. 

Professor  Bell  has  received  many  degrees  from  American  and  European 
universities,  among  which  may  be  mentioned  those  of  M.D.  of  Heidelberg 
University,  of  LL.D.  of  Harvard,  and  of  Sc.D.  of  Oxford,  etc.  He  is  an 
officer  of  the  Legion  of  Honor  of  France,  a  regent  of  the  Smithsonian  Insti- 
tution, and  a  member  of  the  National  Academy  of  Sciences  and  of  many 
other  leading  scientific  organizations. 

He  was  the  recipient  of  the  Volta  Prize  from  the  French  Government  in 
1890,  and  of  the  Medal  of  the  London  Society  of  Fine  Arts  in  1902. 

He  has  been  a  voluminous  contributor  to  scientific  literature,  having  writ- 
ten many  monographs — among  others  being  his  "  Memoir  on  the  Formation 
of  a  Deaf  Varietv  of  the  Human  Race." 


SAMUEL  WESLEY  STRATTON,  D.Eng.,  Sc.D..  Director  of  the  National 
Bureau  of  Standards,  Washington,  D.  C. 

Dr.  Stratton  was  born  at  Litchfield,  111.,  in  1861.  He  was  graduated  from 
the  University  of  Ilinois  in  1884.  From  1885  to  1892  he  was  connected  with 
the  same  institution  as  instructor  in  mathematics,  later  professor,  then  pro- 
fessor of  physics  and  electrical  engineering.  In  1892  he  went  to  the 
University  of  Chicago  as  assistant  professor  of  physics,  and  later  became 
professor,  a  position  which  he  held  until  1901,  when  he  was  appointed  to  his 
present  position  of  Director  of  the  National  Bureau  of  Standards  at 
Washington. 

Among  his  degrees  are  those  of  D.Eng.  of  Illinois,  1903 ;  D.Sc.  of  Western 
University  of  Pennsylvania,  1903,  and  D.Sc.  of  Cambridge,  1908.  He  was  ten- 
dered the  Cross  of  Chevalier  of  the  Legion  of  Honor  in  1909. 

His  activities  include  a  connection  with  the  Naval  Militia  since  1895. 
He  also  served  as  lieutenant  in  the  Spanish-American  War  in  1898. 

Dr.  Stratton  was  a  member  of  the  International  Committee  on  Weights 
and  Measures  in  1905,  and  was  United  States  delegate  to  the  International 
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Electrical  Congress  at  St.  Louis  in  1904.  His  membership  in  learned  societies 
includes  the  American  Association  for  the  Advancement  of  Science,  the 
American  Institute  of  Electrical  Engineers,  American  Physical  Society, 
American  Philosophical  Society,  American  Society  and  also  International 
Association  for  Testing  Materials,  etc. 

In  the  organization  and  development  of  the  National  Bureau  of  Stand- 
ards, Dr.  Stratton  has  rendered  a  distinguished  service  to  every  scientific 
institution  and  by  his  broad-minded  policy  has  made  it  invaluable  to  those 
engaged  in  the  arts  and  industries  of  the  country. 


ALBERT   A.   MICHELSON,    Sc.D.,    Ph.D.,   LL.D.,    Professor   of   Physics, 
University  of  Chicago. 

Professor  Michelson  was  born  at  Strelno,  Germany,  in  1852.  He  came  to 
this  country  when  a  boy;  was  graduated  at  the  United  States  Naval  Academy 
in  1873,  and  was  instructor  in  the  same  institution  from  1875  to  1879. 

He  took  graduate  courses  in  physics  in  Berlin  in  1880,  in  Heidelberg  in 
1881,  and  in  Paris  in  1882.  In  the  meantime  he  had  resigned  from  the  navy 
to  become  professor  of  physics  at  the  Case  School  of  Applied  Science,  Cleve- 
land, Ohio.  From  1889  to  1892  he  was  professor  of  physics  at  Clark  Uni- 
versity, and  since  that  date  has  been  head  of  the  Department  of  Physics  in 
the  University  of  Chicago. 

His  degrees  include  those  of  honorary  Ph.D.  of  Western  Reserve,  1886; 
Sc.D.  of  Cambridge,  1899;  LL.D.  of  Yale,  1901,  and  of  Pennsylvania,  1906; 
honorary  Ph.D.  of  Leipzig,  1909. 

Professor  Michelson  has  earned  a  world-wide  reputation  for  his  re- 
searches in  light  and  for  the  Michelson  and  Morley  experiment  devised  for 
examining  the  eiTects  resulting  from  the  relative  motion  of  ether  and  matter. 
His  early  experiments  in  light  gave  new  figures  for  the  velocity  of  light  in 
vacuo.  His  inferential  refractometer  made  it  possible  to  use  wave-lengths 
of  light  as  a  measuring  unit ;  this  discovery  was  put  to  concrete  use  by  his 
measuring  a  metre  in  terms  of  cadmium-light  wave-length,  enabling  the  orig- 
inal standards  to  be  replaced  at  any  time.  This  same  instrument  not  only 
determines  wave-lengths  of  red.  green,  and  blue  cadmium  light,  but  separates 
lines  less  than  one-thousandth  metre  apart,  and  hence  is  a  very  delicate 
dividing  machine. 

Another  of  Professor  Michelson's  important  inventions  was  the  echelon 
grating.  This  is  used  in  spectroscopes  of  the  highest  resolving  power,  and 
is  especially  valuable  in  the  study  of  magneto-optics,  particularly  the  Zeeman 
eflfect. 

His  researches  have  brought  to  him  many  distinguished  honors.  In 
1889  he  was  awarded  the  Rumford  Medal ;  in  1900  the  Grand  Prix  at  the 
Paris  Exposition ;  in  1907  the  Copley  Medal  of  the  Royal  Society,  and  in  the 
same  year  he  received  the  Nobel  Prize  for  Physics  from  the  Swedish  Academy 
of  Sciences. 

Professor  Michelson  was  a  member  of  the  International  Commission  on 
Weights  and  Measures  in  1897.  He  is  connected  with  many  important  scien- 
tific  societies,   among   them   being   the    National    Academy  of    Sciences,   the 
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American  Physical  Society,  American  Philosophical  Society,  and  several  for- 
eign institutions,  including  the  Royal  Society,  etc.  He  was  president  of  the 
American  Physical  Society  in  1900. 

He  is  a  contributor  to  the  Philosophical  Magazine,  to  Nature,  and  to  the 
American  Journal  of  Science,  etc.,  chiefly  on  researches  in  light. 


ALFRED   NOBLE,    C.E.,   LL.D.,   Consulting   Civil   Engineer. 

Mr.  Alfred  Noble  was  born  at  Livonia,  Mich.,  in  1844,  and  was  graduated 
from  the  University  of  Michigan  in  1870.  After  his  graduation  he  was  for 
some  months  engaged  on  harbor  surveys  on  Lakes  Michigan  and  Huron, 
and  was  then  placed  in  charge  of  the  improvement  of  the  St.  Mary's  Falls 
Canal — a  position  which  he  held  for  twelve  years. 

In  1892  Mr.  Noble  resigned  from  the  government  service  and,  after  serv- 
ing some  months  as  engineer  of  construction  of  the  Red  River  Bridge  at 
Shreveport,  La.,  he  was  appointed  general  assistant  engineer  of  the  Northern 
Pacific  Railroad,  in  which  position  he  continued  for  three  years. 

From  1886  to  1894  Mr.  Noble  had  special  charge  of  the  construction  of 
several  important  bridges  in  various  sections,  among  them  being  the  Belle- 
fontaine  and  the  Leavenworth  bridges  over  the  Mississippi. 

In  1895  he  was  appointed  a  civilian  member  of  the  first  Nicaragua  Canal 
Commission.  The  report  of  this  commission  led  to  the  abandonment  of  the 
Maritime  Canal  Company's  route.  Mr.  Noble  was  also  a  prominent  member 
of  the  Isthmian  Canal  Commission  of  1899.  He  also  rendered  important 
service  as  a  member  of  the  United  States  Deep  Waterway  Commission  in 

1897. 

Following  his  activities  on  these  commissions,  Mr.  Noble  was  engaged  in 
private  practice  in  a  number  of  important  works.  From  January,  1902,  to 
1910,  he  was  chief  engineer  of  the  East  River  Division  of  the  Pennsylvania 
Tunnel  and  Terminal  Railroad  during  the  period  of  the  construction  of  the 
four  tunnels  across  the  East  River  and  of  the  Terminal  Station.  In  1905 
Mr.  Noble  was  appointed  by  President  Roosevelt  a  member  of  the  Inter- 
national Board  of  Consulting  Engineers  on  the  Panama  Canal.  Since  May, 
1909,  he  has  been  in  general  consulting  practice  with  the  firm  of  Noble  & 
Woodard.  He  now  acts  as  consulting  engineer  to  the  Board  of  Water  Supply 
of  the  City  of  New  York. 

His  connection  with  learned  societies  has  included  the  presidency  of  the 
American  Society  of  Civil  Engineers  and  of  the  Western  Society  of  Engi- 
neers ;  it  also  embraces  membership  of  the  Institution  of  Civil  Engineers  of 
Great  Britain,  etc.  In  1895  Mr.  Noble  received  the  honorary  degree  of  LL.D. 
from  Michigan  University. 

In  1910  he  was  presented  with  a  Fritz  Medal  for  notable  achievements  in 
civil  engineering. 


ELIHU  THOMSON,  Sc.D.,  Ph.D. 
Dr.  Elihu  Thomson  was  born  in  Manchester,  England,  in  1853.     At  the 
age  of  five  he  came  to  this  country,  was  educated  in  the  public  schools  of 
Philadelphia,  and  was  professor  of  chemistry  and  mechanics  at  the  Central 
High  School  here,  from  1870  to  1880. 
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After  a  visit  to  the  Paris  Exposition  in  1878  he  became  interested  in 
the  subject  of  lighting  by  electricity,  and  his  experiments,  carried  on  with 
the  aid  of  E.  J.  Houston,  resulted  in  patents  secured  in  1878  and  1879.  The 
following  year  he  became  electrician  to  the  American  Electric  Company, 
afterwards  known  as  the  Thomson-Houston  Electric  Company.  This,  by 
consolidation  with  the  Edison  Company  in  1892,  became  the  present  General 
Electric  Company. 

Among  his  numerous  patented  inventions  are  the  three-coil  armature 
for  dynamos  and  motors ;  the  induction  coil  system  of  distribution ;  the  induc- 
tion motor ;  the  electric-welding  process ;  the  electric  meter  for  direct  and 
alternating  currents,  and  many  others  in  electric  lighting,  power,  etc. 

Since  1892  he  has  retained  his  connection  as  consulting  engineer  to  the 
General  Electric  Company. 

Professor  Thomson  has  been  accorded  many  honors  for  his  electrical 
work.  He  was  decorated  by  the  French  Government  in  1889,  and  was  awarded 
the  Grand  Prix  in  Paris  in  that  year  and  in  1900.  In  1902  he  was  the  recip- 
ient of  the  Rumford  Medal,  and  in  1904  of  the  Grand  Prize  at  St.  Lx)uis. 

His  connection  with  scientific  societies  includes  membership  of  the 
National  Academy  of  Sciences,  of  the  Institution  of  Electrical  Engineers, 
and  of  the  Institution  of  Civil  Engineers  of  Great  Britain,  etc.  He  was 
elected  president  of  the  American  Institute  of  Electrical  Engineers  in  1889. 

Among  the  most  notable  of  his  papers  prepared  for  scientific  societies 
are  those  on  "  Electric  Welding,"  read  before  the  Franklin  Institute  in  1887, 
and  on  "  Novel  Phenomena  of  Alternating  Currents,"  prepared  for  the 
American  Institute  of  Electrical  Engineers  in  1887. 


EDWARD  WILLIAMS  MORLEY,  Sc.D.,  Ph.D.,  LL.D.,  Emeritus  Profes- 
sor of  Chemistry,  Western  Reserve  University. 

Dr.  Edward  Williams  Morley  was  born  at  Newark,  N.  J.,  in  1838.  He  was 
graduated  from  Williams  College,  Williamstown,  Mass.,  in  i860.  He  was 
elected  to  the  chair  of  chemistry  in  Western  Reserve  College,  Hudson.  Ohio 
(later  Adelbert  College,  Cleveland,  Ohio),  in  1869,  and  retained  the  office  until 
1906,  when  he  became  emeritus  professor.  He  was  also  professor  of  chemistry 
at  Cleveland  Medical  College,  1873-8. 

His  degrees  include  those  of  LL.D.  of  Williams,  1901,  Western  Reserve, 
1891,  and  Lafayette,  1907;  honorary,  Ph.D.  of  Wooster,  and  Sc.D.  of  Yale, 
1909. 

Professor  Morley  is  a  member  of  several  leading  scientific  societies, 
among  them  being  the  American  Association  for  the  Advancement  of  Science, 
of  which  he  was  president  in  189S ;  the  American  Chemical  Society,  of  which 
he  was  president  in  1899;  the  National  Academy  of  Sciences,  American 
Chemical  Society,  and  foreign  societies,  including  the  Royal  Institution,  etc. 

By  a  series  of  admirable  experiments  and  measurements  he  has  deter- 
mined with  hitherto  unattained  precision  some  of  the  fundamental  magnitudes 
in  chemical  science.  These  include  the  atomic  weight  of  oxygen,  the  gravi- 
metric synthesis  of  water,  the  density  ratio  of  oxygen  to  hydrogen,  and  the 
redetermination  of  the  composition  of  water  by  volume. 

Professor  Morley  has  also  made  accurate  determinations  of  the  vapor 
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density  of  mercury  between  o°  and  ioo°,  and  has  repeated  the  Michelson- 
Morley  experiment  in  view  of  the  Lorentz-Fitzgerald  suggestion  that  the  form 
of  bodies  may  depend  on  translation  through  the  luminiferous  ether. 

Among  his  papers  is  "  The  Atomic  Weight  of  Oxygen,"  which  appeared 
in  the  Smithsonian  contributions  to  Knowledge,  1895. 


JOHANN  FRIEDRICH  WILHELM  ADOLPH  von  BAEYER,  Ph.D., 

F.M.R.S. 

Dr.  Baeyer  was  born  in  Berlin  in  1835.  He  studied  chemistry  under  R.  W. 
Bunsen  and  F.  A.  Kekule,  and  in  1858  took  his  degree  as  Ph.D.  at  Berlin, 
becoming  privadocent  a  few  years  afterwards  and  assistant  professor  in  1866. 
Five  years  later  he  was  appointed  professor  of  chemistry  at  Strassburg,  and 
in  1873  he  migrated  in  the  same  capacity  to  Munich,  where  he  now  resides. 

He  has  devoted  himself  mainly  to  investigations  in  organic  chemistry, 
and  in  particular  to  synthetical  studies  by  the  aid  of  "  condensation  "  reaction. 
The  experimental  researches  of  himself  and  pupils  extend  over  a  vast  range 
of  organic  compounds,  and  it  may  be  said  of  them  that  they  have  greatly 
augmented,  and  in  some  cases  completed,  our  knowledge  of  certain  most 
important  groups  of  the  carbon  compounds;  notably  they  have  elucidated  the 
nature  and  composition  of  indigo,  have  led  to  the  discovery  of  the  phthaleins, 
with  eosin,  and  to  the  synthetic  production  of  many  dyestuffs. 

Among  the  most  important  groups  successfully  studied  by  Professor 
Baeyer  may  be  mentioned  the  cacodyl  compounds ;  uric  acid  and  its  deriva- 
tives ;  the  condensation  products  resulting  from  the  action  of  aldehydes  on 
hydrocarbons  and  phenols ;  benzene,  the  terpenes,  and  the  ptomaines,  etc. 
In  his  laboratory  Turkey-red  or  alizarin  was  first  made  from  anthracene,  and 
Fischer  discovered  benzaldehyde-green. 

To  celebrate  his  seventieth  birthday,  his  scientific  papers  were  collected 
and  published  under  the  title  of  "  Gesammelte  Werke,"  Brunswick,  1905. 
These  papers  included  his  writings  for  the  Berichte  Deutschen  Chemischen 
Gesellshaft,  Berlin,  and  Liebig's  Annalen  der  Chemie,  etc. 


SIR  WILLIAM  CROOKES,  D.Sc,  LL.D.,  F.R.S.,  O.M.,  Foreign  Secretary 
to  the  Royal  Society. 

Sir  William  Crookes  was  born  in  London  in  1832,  and  studied  chemistry 
under  von  Hoffman,  whose  assistant  he  became  in  1851.  Three  years  later 
he  accepted  a  position  in  the  meteorological  department  of  the  Radcliffe  Obser- 
vatory, Oxford,  and  in  1855  was  appointed  professor  of  chemistry  at  the 
Training  College,  Chester. 

In  1861,  while  engaged  in  the  spectroscopic  examination  of  the  residue 
left  in  the  purification  of  crude  selenium,  he  succeeded  in  isolating  thallium, 
and  during  the  next  twelve  years  he  carried  out  a  minute  investigation  of  this 
metal  and  its  properties. 

While  engaged  in  the  determination  of  its  atomic  weight,  discouraging 
irregularities  led  him  to  make  his  weighings  in  a  partial  vacuum.     Sometimes 
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he  found  the  metal  to  be  heavier  when  cold  than  when  in  a  heated  condition, 
and  this  led  to  his  principle  of  "  repulsion  resulting  from  radiation."  In 
187s  he  invented  his  radiometer  for  illustrating  such  phenomena.  He  was 
thus  brought  into  touch  with  the  dynamical  theory  of  gases  and  with  experi- 
mental work  in  high  vacua,  and  so  came  to  his  famous'  researches  on  the 
electric  discharge  in  gases.  These  in  turn  led  him  to  formulate  his  theory 
on  the  "  Fourth  State  of  Matter." 

In  1881  his  paper  on  radiant  matter  spectroscopy  appeared,  and  in  1883 
he  began  an  inquiry  into  the  nature  and  constitution  of  the  rare  earths. 

In  the  course  of  this  work  he  succeeded,  by  means  of  fractional  crystal- 
lization, in  resolving  yttrium  into  portions  that  gave  different  spectra,  and, 
believing  this  to  be  due  to  a  disruption  of  the  yttrium  atoms,  he  formulated 
his  hypothesis  that  the  chemical  elements  are  products  of  an  evolution  from  a 
primordial  or  protyle  matter. 

Sir  William  is  one  of  the  foremost  authorities  on  precious  stones,  espe- 
cially on  the  diamond,  minute  specimens  of  which  he  has  succeeded  in  making 
artificially. 

Upon  the  discovery  of  radium  he  was  early  in  the  field  in  taking  up  the 
study  of  its  properties.  In  1900  he  first  effected  the  separation  from  uranium, 
by  two  distinct  chemical  methods,  of  the  one  direct  transformation  product 
called  uranium  X. 

He  discovered,  in  1903,  that  the  alpha  rays  from  radium  produce  phosphor- 
escence on  a  target  of  crystalline  zinc  sulphide.  This  wonderful  phenomenon 
■was  popularized  in  his  spinthariscope. 

Sir  William  is  the  author  of  various  works  on  chemistry  and  chemical 
technology,  including  "  Select  Methods  of  Chemical  Analysis "  and  several 
papers  on  dyeing,  etc.  He  has  also  devoted  some  time  to  the  investigation 
of  psychic  phenomena.    He  is  proprietor  and  editor  of  the  Chemical  News. 

He  is  a  member  or  corresponding  member  of  scientific  societies  in  his 
own  country  and  abroad.  At  one  time  or  other  he  has  occupied  the  chair  of 
many  of  the  leading  learned  societies  of  Great  Britain.  The  Royal  Society 
awarded  him  the  Royal  Medal  in  1875,  the  Davy  Medal  in  1888,  and  the 
Copley  Medal  in  1904.  The  French  Academic  des  Sciences  similarly  recog- 
nized his  work  in  1880,  and  the  Society  of  Arts  with  the  Albert  Medal  in 
1899.     He  was  knighted  in  1897  by  Queen  Victoria. 


SIR  HENRY  ENFIELD  ROSCOE,  Ph.D.,  LL.D.,  D.C.L.,  F.R.S.,  Emeritus 
Professor  of  Owens  College,  Victoria  University. 

Sir  Henry  Enfield  Roscoe  was  born  in  London  in  1833.  After  studying 
at  Liverpool  High  School  and  University  College,  London,  he  went  to  Heidel- 
berg to  work  under  R.  W.  Bunsen.  In  1857  he  was  appointed  to  the  chair 
of  chemistry  at  Owens  College,  Manchester,  where  he  remained  for  thirty 
years.  From  1885  to  1895  he  was  member  of  Parliament  for  the  South 
Division  of  Manchester,  and  from  1896  to  1902  vice-chancellor  of  London 
University. 

Sir  Henry  has  served  on  several  important  royal  commissions  appointed 
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to  consider  educational  questions ;  notable  among  these  were  the  Commission 
on  Technical  Education,  on  Scottish  Universities,  and  on  Secondary 
Education. 

His  degrees  include  those  of  Ph.D.  and  of  honorary  M.D.  of  Heidelberg, 
the  former  in  1853  and  the  latter  in  1887.     He  was  knighted  in  1884. 

Sir  Henry's  scientific  work  includes  a  memorable  series  of  "  Researches 
on  the  Chemical  Action  of  Light,"  carried  out  with  Bunsen  between  1855 
and  1862,  in  which  were  laid  the  foundations  of  comparative  photo-chemistry. 

In  1867  he  began  an  elaborate  investigation  of  vanadium  and  its  com- 
pounds, and  devised  a  process  for  preparing  it  pure  in  the  metallic  state.  He 
performed  extended  and  fruitful  work  on  tungsten  and  uranium,  and  made 
numerous  interesting  applications  of  spectrum  analysis  to  the  solution  of 
scientific  and  industrial  problems.  He  was  also  author  of  researches  on 
niobium,  perchloric  acid,  and  the  solubility  of  ammonia,  etc. 

His  publications  include,  beside  several  elementary  works  on  chemistry 
which  have  been  circulated  universally,  "  Lectures  on  Spectrum  Analysis," 
1869;  "A  Treatise  on  Chemistry,"  1877;  "A  New  View  of  Dalton's  Atomic 
Theory,''  with  Dr.  A.  Harden,  1896,  and  a  charming  autobiography,  "  Life  and 
Experience  of  Sir  Henry  Roscoe."  The  "  Treatise  on  Chemistry,"  written 
in  collaboration  with  Carl  Schorlemmer,  his  private  assistant,  has  for  a 
generation  past  been  the  standard  vvork  on  the  subject. 

He  is  a  member  of  many  leading  scientific  societies,  including  the  Chemi- 
cal Society  and  the  British  Association,  of  which  he  was  president  in  1887, 
and  is  an  officer  of  the  Legion  of  Honor  of  France. 


Proceedings  of  the  Stated  Meeting  held  Wednesday,  May  15,  1912. 

Hall  of  the  Franklin  Institute, 
Philadelphia,  May  15,  1912. 

Mr.  James  Mapes  Dodge  in  the  Chair. 

The  following  proposed  amendment  to  the  By-Laws  was  presented  for 
final  action : 

Article  XIII,  Section  i.  to  be  amended  by  striking,  out  "and"  in 
3d  line,  and  adding  "  June  "  before  "  July  "  in  3d  line ;  and  adding  "  and 
September  "  after  "  August "  in  4th  line,  so  that  by-law,  after  amendment, 
will  read  as  follows,  the  new  matter  being  in  italics : 

ARTICLE  XIII. 

Section  i. — "  The  Institute  shall  hold  stated  meetings  on  the 
third  Wednesday  of  each  month,  except  in  June,  July,  August,  and 
September.  That  on  the  third  Wednesday  in  January  of  each  year 
shall  be  the  annual  meeting." 

On  motion,  duly  seconded,  the  amendment  was  adopted. 
Dr.    Alexander    Graham    Bell    was    then    introduced    by    Dr.    Harry    F. 
Keller  to  the  Chairman,  who  presented  him  with  the  Institute's  Elliott  Cresson 
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Gold  Medal  and  Diploma  in  recognition  of  his  solution  of  the  problem  of  the 
electrical  transmission  of  articulate  speech. 

The  following  eminent  scientists  were  also  presented  by  Dr.  Keller  and 
received  the  Cresson  award  : 

Dr.  Edward  Williams  Morley,  in  recognition  of  his  important  contribu- 
tions to  chemical  science,  and  particularly  of  his  accurate  determinations  of 
fundamental  magnitudes. 

Professor  Elihu  Thomson,  in  recognition  of  his  leading  and  distinguished 
work  in  the  industrial  applications  of  electricity. 

Dr.  Samuel  Wesley  Stratton,  in  recognition  of  his  distinguished  and 
directive  work  in  physical  science  and  metrology,  and  its  application  in  the 
arts  and  industries. 

The  Chairman  stated  that  the  recipients  of  the  medals  were  four  of  the 
nine  scientists  and  technologists  to  whom  the  awards  were  made. 

The  remaining  awards  were  made  as  follows : 

To  Dr.  Albert  A.  Michelson,  in  recognition  of  his  original  and  fruitful 
investigations  in  the  field  of  physical  optics. 

To  Dr.  Alfred  Noble,  in  recognition  of  his  distinguished  achievements  in 
the  field  of  civil  engineering. 

To  Dr.  Johann  F.  von  Baeyer,  in  recognition  of  the  many  important 
results  of  his  extended  research  in  organic  chemistry  and  of  his  discovery 
of  synthetic  processes  of  great  industrial  value. 

To  Sir  William  Crookes,  in  recognition  of  his  important  discoveries 
in  inorganic  and  analytical  chemistry  and  of  his  pioneer  work  on  the  dis- 
charge of  electricity  through  gases. 

To  Sir  Henry  Enfield  Roscoe,  in  recognition  of  his  extended  and  im- 
portant researches  in  the  domains  of  inorganic,  physical,  and  industrial 
chemistry. 

Dr.  Keller  read  letters  of  acknowledgment  from  the  latter  two  recipients. 

A  biographical  note  and  statement  of  the  work  of  each  of  the  above 
appears  elsewhere  in  this  issue. 

In  introducing  the  medallists.  Dr.  Keller  said  : 

"Mr.  President:  It  is  a  curious  fact  that  it  often  happens  that  a  man 
who  is  but  little  known  to  an  audience  is  called  upon  to  introduce  men  who 
are  known  to  everyone  present,  but  never  have  I  been  so  impressed  with 
this  anomaly  as  on  this  auspicious  occasion,  when  to  me,  as  a  member  of 
the  Committee  of  Awards,  has  been  assigned  this  extremely  gratifying  duty 
and  rare  privilege  to  introduce  to  you,  and,  through  you,  to  this  brilliant 
assembly,  the  famous  scientists,  investigators,  and  inventors  who  have  come 
hither  to  accept  from  your  hands  the  highest  award  which  this  venerable 
Institute,  named  in  honor  of  the  greatest  American  scientist,  has  the  power 
to  bestow. 

"  The  first  on  the  list  is  a  name  that  is  illustrious  the  world  over ;  it 
has  come  to  be  a  household  word  in  every  land  :  in  fact,  it  would  be  difficult 
to  find  another  scientist  whose  name  has  become  so  universally  popular.  It 
would  seem  presumptuous  on  my  part  if  I  attempted  to  characterize  the 
great  work  which  this  man  has  done ;  you  all  know  it :  his  life's  work  has 
touched  many  human  interests,  but  most  of  all  it  has  been  concerned  with 
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one  of  the  foremost  interests,  that  of  '  human  speech.'  Born  in  Edinburgh, 
Scotland,  Dr.  Bell  came  to  Canada  at  the  age  of  twenty-three,  and  in  the 
following  year  to  this  country,  to  Boston,  where  he  taught  his  father's  system 
of  imparting  the  faculty  of  speech  to  deaf-mutes.  He  has  never  abandoned 
this  field,  and,  I  believe,  is  easily  the  first  investigator  and  authority  in  it ; 
but  he  was  to  make  even  greater  achievements  in  another  field — that  of  the 
electrical  transmission  of  articulate  sound.  His  experiments  in  that  direction 
began  in  1871,  but  it  was  not  until  1876,  when  the  Centennial  of  the  Inde- 
pendence of  the  United  States  was  being  celebrated  by  an  International 
Exposition  in  this  city,  that  he  first  made  the  world  acquainted  with  that 
most  wonderful  invention  of  his,  the  first  successful  speaking  telephone.  I 
need  not  explain  here  the  principle  upon  which  this  great  invention  is  based. 
The  apparatus  exhibited  here  in  1876  has  been  modified  and  improved  in 
many  ways,  but  fundamentally  its  principle  has  remained  the  same. 

"  Our  medallist  of  this  famous  name  has  made  many  other  achievements 
and  great  inventions,  among  which  may  be  mentioned  the  graphophone  and 
the  photophone ;  he  has  also  studied  the  atmosphere  and  aerial  currents,  and 
has   thus   materially   advanced   the  new   art  of   aviation." 

In  introducing  Dr.  Morley :  "  Among  the  various  activities  of  The 
Franklin  Institute  during  the  past  eighty-seven  years  chemistry  has 
taken  a  prominent  and  a  noble  part.  Our  Institute  has  numbered 
among  its  members  a  great  many  of  the  distinguished  chemists  of  the 
country.  This  old  hall  has  been  the  scene  of  innumerable  lectures  and 
communications  on  the  subject,  both  pure  and  applied.  Our  audiences  have 
witnessed  hundreds  of  experimental  demonstrations  of  chemical  discoveries 
and  inventions.  Our  Committee  on  Science  and  the  Arts  has  recognized 
the  great  achievements  of  chemists,  both  here  and  abroad,  by  the  award  of 
medals  and  in  other  ways.  I  feel  sure  that  the  Elliott-Cresson  Medal — the 
highest  award  this  Institute  has  to  give — has  never  been  bestowed  upon  a 
worthier  representative  of  chemistry  in  America  than  it  will  be  to-night. 
The  man  whom  we  intend  to  honor  has  not  written  a  great  many  papers 
nor  voluminous  books,  but  the  results  of  his  investigations  are  of  funda- 
mental importance.  His  researches  are  of  the  highest  rank,  and  are  recog- 
nized everywhere  as  models  of  scientific  acumen  and  experimental  skill. 
Among  the  main  results  of  these  investigations  are  the  exact  determination 
of  the  atomic  weight  of  oxygen,  of  the  densities  of  oxygen  and  hydrogen, 
and  of  the  exact  ratio  between  these  two  elements,  as  well  as  a  complete 
synthesis  of  water.  Many  great  chemists  in  Europe  and  this  country  had 
already  bent  their  energies  to  determine  these  constants,  but  none,  so  far  as 
i  know,  has  equalled  his  work  in  accuracy.  In  recent  years  American 
chemical  research  has  taken  rank  with  that  of  the  older  countries  of  Europe ; 
but  I  believe  I  will  not  be  contradicted  if  I  say  that  no  single  piece  of  ex- 
perimental chemical  work  has  reflected  greater  credit  on  American  chemistry 
than  has  this  classic  on  the  atomic  weight  of  oxygen  and  the  composition 
of  water.  Though  by  no  means  the  only  research  work  he  has  done,  it  is, 
I  think,  in  itself  quite  sufficient  to  secure  for  him  the  ElHott-Cresson  Medal." 

In    introducing   Dr.    Stratton :     "From   the   oldest   times   the    subject   of 
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'  Weight  and  Measures ' — that  is,  of  the  comparison  of  unknown  quantities 
with  known  magnitude  or  units — has  been  one  of  vital  and  universal  con- 
cern. It  is  only  in  modern  times,  however,  that  this  subject  has  been  devel- 
oped along  scientific  lines — that  the  truly  chaotic  condition  in  which  weights 
and  measures  used  to  be  has  been  transformed  into  a  science.  The  develop- 
ment of  this  science  of  metrology  has  been  somewhat  slow  and  gradual. 
One  of  the  steps  toward  securing  an  ideal  system  of  weights  and  measures 
(one  of  the  greatest  steps,  perhaps)  was  the  creation  in  France,  at  the  time 
of  the  Revolution,  of  the  Metric  System,  which  was  designed  to  replace  the 
old  and  incongruous  weights  and  measures  then  in  use  in  different  parts 
of  that  country.  Since  that  time  the  metric  system  has  been  introduced 
into  most  civilized  countries  and  has  been  adopted  universally  by  men 
of  science.  This  international  use  of  the  metric  system  has  led  to  the 
establishment  of  the  International  Bureau  of  Standards  and  of  Weights 
and  Measures  in  Paris,  and  from  this  great  institution  have  descended  a 
number  of  national  bureaus  of  standards  in  the  different  countries,  even 
where  the  metric  system  is  not  used,  or,  shall  I  say,  *  not  yet  used.' 

"  The  Bureau  of  Weights  and  Measures  in  Washington  is  one  of  the 
most  active  and  most  successful  of  its  kind.  During  the  ten  years  it  has 
been  in  existence  it  has  done  the  most  splendid  work,  conferring  the  greatest 
benefits  upon  both  science  and  the  industries.  The  work  of  that  great 
institution  is  not  simply  the  construction  and  comparison  of  standards ;  it 
is  far  more  than  that.  Its  highly-trained  scientific  staff  is  engaged  in  the 
solution  of  scientific  as  well  as  industrial  problems  of  the  highest  impor- 
tance. The  organization,  direction,  and  the  success  of  that  great  laboratory 
is  largely  due  to  the  efforts  of  one  man,  to  him  whom  we  have  with  us  this 
evening,  the  distinguished  mathematician,  physicist,  and  electrical  engineer.'' 

In  introducing  Dr.  Thomson :  "  It  is  with  a  peculiar  sentiment  of 
pleasure  and  satisfaction  that  I  present  to  you  the  fourth  medallist  on  our 
list,  for  he  is  one  of  my  honored  predecessors  in  the  chair  of  chemistry  at 
the  Central  High  School,  and  a  man  who  has  left  a  deep  and  lasting  im- 
pression on  the  scientific  teaching  and  investigation  of  that  school  and  on 
the  whole  scientific  world. 

"  Forty  years  ago  science,  natural  as  well  as  physical,  was  taught  at 
the  High  School,  as  it  was  in  all  similar  schools  at  that  time,  by  lectures 
and  recitations.  Good  work,  no  doubt,  was  done,  but  an  important  element 
of  instruction  was  lacking.  In  1870  there  was  appointed  in  the  Central 
High  School  a  young  and  enthusiastic  man,  first  as  instructor  in  chemistry, 
and  later  in  chemistry  and  mechanics.  The  laboratory  he  found  there  was 
only  a  store-room  for  chemicals  and  apparatus,  and  now  and  then,  perhaps, 
one  of  the  professors  would  venture  into  this  basement  room  and  make  a 
demonstration  before  a  small  class.  The  young  instructor  fitted  up  that 
laboratory  and  introduced  regular  exercises  in  chemistry  and  laboratory 
work.  I  believe  it  was  the  first  work  of  this  kind  done  in  any  high  school 
in  the  country^ — I  may  be  mistaken  about  that,  but  it  certainly  was  one  of 
the  first  instances.  But  he  did  far  more  than  that :  indefatigably  he  worked 
in  that  laboratory  himself.  A  born  investigator,  he  constructed  novel  forms 
of  apparatus,  devised  new  experiments,  brought  to  light  new  facts  of  science. 
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and  invented  practical  applications  of  scientific  discoveries.  At  the  same 
time  he  was  connected  with  this  Franklin  Institute.  He  became  interested 
in  electrical  work  in  connection  with  our  Committee  on  Science  and  the 
Arts,  and,  I  believe,  delivered  courses  of  lectures  on  electricity  in  the  Even- 
ing School  of  this  Institute.  Like  Faraday,  he  started  as  a  chemist,  and 
gave  more  and  more  time  to  physical  investigation,  until  finally  he  became 
an  electrician  of  the  first  rank.  Then  the  school  could  hold  him  no  longer. 
He  abandoned  teaching  in  1880  and  since  that  time  he  has  made  almost  innu- 
merable valuable  inventions.  The  are  too  many  of  them  even  to  mention  the 
more  important  ones.  It  is  the  record  of  this  magnificent  work  that  has 
made  him  famous  the  world  over  and  in  recognition  of  which  the  Elliott 
Cresson  Medal  is  to  be  bestowed  upon  him." 

After  the  presentations,  Professor  Morley  gave  a  brief  address  on 
"  Fundamental  Chemical  Constants."  Dr.  Morley  spoke  of  the  bearing  of  the 
determination  of  such  constants  as  atomic  weights  on  our  knowledge  of  the 
nature  of  matter.  He  reviewed  his  work  on  the  atomic  weights  of  oxygen 
and  other  elements  and  on  the  synthesis  of  water. 

Prof.  Elihu  Thomson  outlined  "  Recent  Developments  in  the  Electrical 
Art."  By  giving  a  brief  summary  of  the  present-day  applications  of  electric- 
ity in  the  arts  and  industries,  he  demonstrated  the  fulfilment  of  his  early 
prophecy  on  the  future  of  the  art.  He  spoke  of  the  growing  tendency  to 
generate  one  kind  of  electric  current  only,  rectifying  and  transforming  this 
locally  for  use  for  all  purposes.  In  the  course  of  his  remarks  Dr.  Thomson 
gave  interesting  reminiscences  of  his  early  work  and  experiments  carried 
out  at  the  Franklin  Institute. 

Dr.  Stratton  presented  a  short  paper  on  "  Metrology  in  Relation  to  Indus- 
trial Progress,"  in  which  he  reviewed  the  growth  of  metrology  with  the 
advance  of  civilization.  He  referred  to  the  formation  and  present  work 
of  the  National  Bureau  of  Standards,  and  spoke  of  the  influence  of  the 
bureau  on  the  industrial  and  commercial  progress  of  the  country,  in  supplying 
standards  for  all  purposes  and  in  encouraging  the  establishment  of  research 
laboratories  by  industrial  concerns. 

Adjourned.  R.  B.  Owens, 

Secretarv. 


CORRESPONDENCE. 

From   Sir   William   Crookes,   O.M.,    F.R.S., 

7  Kensington   Park  Gardens, 
London,  W., 

March  11,  1912. 
R.  B.  Owens,  Esq.,  Secretary, 
The  Franklin  Institute, 

Philadelphia,   Pa.,  U.  S.  A. 
Dear  Sir: 

I  am  deeply  sensible  of  the  honor  paid  to  me  by  the  Franklin  Institute  in 
awarding  the  Elliott  Cresson  Gold  Medal  for  my  scientific  work ;    I  return 


Committee  on  Science  and  the  Arts.  623 

my  warmest  thanks  for  a  recognition,  precious  as  it  is  wholly  unexpected. 
And  I  thank  my  Philadelphia  friends  for  the  flattering  terms  of  the  announce- 
ment. It  is  an  especial  pleasure  to  find  myself  associated  with  so  dis- 
tinguished a  band  of  scientific  researchers,  with  most  of  whom  I  happily 
have  the  pleasure  and  privilege  of  being  personally  acquainted. 

Following  the  desire  of  my  heart,  I  have  been  able  to  devote  a  con- 
siderable portion  of  the  last  fifty  years  to  the  irresistibly  fascinating  pur- 
suit of  original  scientific  research.  Your  generous  appreciation  of  my  work 
will  stimulate  me  to  break  down  more  barriers,  to  penetrate  deeper  into 
those  baffling  regions  where  in  all  departments  of  science  illimitable  domains 
await  exploration. 

Believe  me  to  remain, 

Very  truly  yours, 

[Signed]    William   Crookes. 


WooDcoTE  Lodge,  West  Horsley, 
Leatherhead,  London,  S.  W., 
March   15,   1912. 
Dear  Sir: 

I  have  received,  through  the  kindness  of  my  friend,  Mr.  James  Bryce, 
British  Ambassador  at  Washington,  your  kind  letter  of  February  20th,  in 
which  you  inform  me  that  the  Franklin  Institute  have  done  me  the  honor  to 
award  to  me  its  Elliott  Cresson  Medal. 

I  beg  that  you  will  express  to  your  Committee  of  Science  and  the  Arts 
my  sense  of  the  great  honor  which  they  have  done  me,  and  offer  to  them 
my  most  grateful  thanks. 

I  wish  to  add  that  I  feel  this  the  more  keenly  because  I  find  my  name 
associated  with  men  of  the  highest  distinction,  many  of  whom   I  have  the 
privilege  of  claiming  as  personal  friends. 
I  am,  dear  sir, 

Yours  sincerely, 

[Signed]     Henry  E.  Roscoe. 
R.  B.  Owens,  Esq., 

Secretary,  Franklin  Institute, 
Philadelphia. 


COMMITTEE  ON  SCIENCE  AND  THE  ARTS. 

{Abstract  of  Proceedings  of  the  Stated  Meeting  held  W-ednesday, 
May  I,  19 1 2.) 

Hall  of  the  Franklin  Institute, 
Philadelphia,  May  i,  1012. 

Dr.  Geo.  A.  Hoadley  in  the  Chair. 

The  following  reports  were  presented  for  first  reading : 
No.  2507. — Squier's  Multiplex  Telephony. 
No.  2517. — Dietz's  Multi-Speed  Shutter. 
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Final  action : 

No.  2383. — Downes's  Asbestos-Covered  Magnet-Wire.     Scott  Award. 

Adopted. 
No.  2477. — Granbery's  Stadia  Rod.     Longstreth  Medal.     Adopted. 
No.  2508. — Turner's     Air-Brake     Improvements.       Cresson     Medal. 

Adopted. 
No.  2514. — Kennicott  Water  Weigher.     Scott  Award.     Adopted. 

R.  B.  Owens, 
Secretary. 


SECTIONS. 

Section  of  Physics  and  Chemistry. — A  joint  meeting  of  the  Section  of 
Physics  and  Chemistry,  the  Philadelphia  Branch  of  the  American  Pharmaceu- 
tical Association,  and  the  Scientific  Section  of  the  Philadelphia  Branch  of  the 
American  Pharmaceutical  Association  was  held  in  the  Hall  of  the  Institute 
on  Thursday,  April  25,  1912,  at  8  p.m.  The  presiding  officers  were  Dr. 
Robert  H.  Bradbury,  president  of  the  Sections  of  Physics  and  Chemistry  of 
the  Franklin  Institute,  and  Dr.  F.  E.  Stewart,  president  of  the  Philadelphia 
Branch  of  the  American  Pharmaceutical  Association.  One  hundred  members 
and  visitors  were  present.  The  minutes  of  the  previous  meeting  were 
approved  as  published. 

Dr.  William  J.  Gies,  professor  of  biological  chemistry  in  Columbia  Uni- 
versity, delivered  a  lecture  on  "  Chemical  Defences  of  the  Organism  against 
Disease." 

John  Morris  Weiss,  B.S.,  B.A.,  of  New  York  City,  read  a  paper  by  J.  T. 
Ainslie  Walker,  F.R.S.M.,  F.C.S.,  and  himself,  entitled  "  Note  on  the  Rideal- 
Walker  Phenol  Control :  A  Possible  Discordant  Factor  in  the  Standardization 
of  Disinfectants." 

Both  communications  were  discussed  at  length,  and  a  vote  of  thanks  was 
given  to  the  lecturers.  Dr.  Stewart,  on  behalf  of  the  members  of  the  Ameri- 
can Pharmaceutical  Association,  expressed  their  pleasure  at  having  partici- 
pated in  the  joint  meeting.     Adjourned. 

Joseph  S.  Hepburn, 

Secretary. 


MEMBERSHIP  NOTES. 
Election  to  Membership. 

RESIDENT. 

Mr.  Wm.  R.  Warner,  Jr.,  Duffryn  Mawr,  Pa. 

Changes  of  Address. 
Mr.  Richard  L.  Binder,  931  North  Eighth  Street,  Philadelphia,  Pa. 
Mr.  Thos.  L.  Burton,  318  Westinghouse  Building,  Pittsburgh,  Pa. 
Mr.  Arthur  D.  Edgerton,  Agness,  Oregon. 

Mr.  F.  E.  Hayes,  Jr.,  care  of  Ballard  &  Ballard,  912  E^st  Broadway,  Louis- 
ville, Ky. 
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Mr.  W.  R.  Huttinger,  Grove  City,  Pa. 

Mr.  Ernest  Johansen,'  in  care  of  Mr.  C.  P.  Dexter,  Battle  Creek,  Mich., 
R.  F.  D.  No.  I. 

Mr.  Frank  Klepetko,  80  Maiden  Lane,  New  York  City. 

Mr.  W.  G.  Matthews,  Box  1492,  Jacksonville,  Fla. 

Mr.  Ralph  D.  Mershon,  80  Maiden  Lane,  19  Cedar  Street,  New  York  City. 

Mr.  Albert  L.  Webster,  Room  1930,  80  Maiden  Lane,  New  York  City. 

Dr.  Harvey  W.  Wiley,  Room  1120,  Woodward  Building,  Washington,  D.  C. 

Mr.  L  B.  Wilson,  Jr.,  LE.,  Construction  Gas.  Electric  Light  and  Power  Com- 
pany, Lexington  and  Liberty  Streets,  Baltimore,  Md. 


NECROLOGY. 


Mr.  A.  J.  Lamborn,  Real  Estate  Trust  Building,  Philadelphia,  Pa. 

Dr.  O.  Brunel-Haccius,  Geneva,  Switzerland. 

Mr.  W.  C.  Wetherill,  703  Symes  Building,  Denver,  Colo. 


LIBRARY  NOTES. 

Purchases. 


Blucher,  H. — Modern  Industrial  Chemistry,  1911. 
Steinmetz,  C.  p. — Elementary  Lectures  on  Electric  Discharges,  191 1. 
Stromeyer,  C.  E. — Marine  Boiler  Management  and  Construction,  1907. 
Kent,  William. — Steam-boiler  Economy,  1910. 

Trustees  Gas  Educational  Fund. — Catechism  of  Central  Station  Gas  Engineer- 
ing [C1909]. 
Classen,  A. — Theorie  und  Praxis  der  Massanalyse,  1912. 
Lake,  E.  F. — Composition  and  Heat  Treatment  of  Steel,  191 1. 
Ostwald,  W. — Grosse  Manner,  1910. 
Railway  Signal  Dictionary,  191 1. 
Garrett,  A.  E. — The  Advance  of  Photography,  191 1. 
Lehmann,  O. — Die  neue  Welt  der  fliissigen  Kristalle,  1911. 
Carpenter,  R.  C.  and  H.  Diederichs. — Experimental  Engineering,  1912. 
Fouler,  G.  L. — Forney's  Catechism  of  the  Locomotive,  191 1. 
MacFarren,  H.  W. — Text-book  of  Cyanide  Practice,  1912. 
Fulton,  C.  H. — Principles  of  Metallurgy,  1910. 

Campbell,  H.  H. — The  Manufacture  and  Properties  of  Iron  and  Steel,  1907. 
Bottler,  M. — German  Varnish-making,  1912. 
Ingram,  E.  L. — Geodetic  Surveying,  191 1. 

Kirk,  E. — A  Practical  Treatise  on  Foundry  Irons,  191 1.  •        * 

Bohle,  H.  and  D.  Robertson. — Transformers,  191 1. 

Richards,  J.  W. — Metallurgical  Calculations,  parts  2  and  3,  1910  and  1908. 
Parr,  G.  D.  A. — Electrical  Engineering  Testing,  1907. 
Eckel,  E.  C. — Building  Stones  and  Clays,  1912. 
Barr,  W.  M. — Pumping  Machinery,   1909. 
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Gifts. 

Springfield  Water  Commissioners,  Thirty-eighth  Annual  Report.  Springfield, 
1912.     (From  the  Commissioners.) 

India  Meteorological  Department,  Annual  Summary,  1910.  Simla,  191 1. 
(From  the  Department.) 

Pennsylvania  Railroad  Company,  Sixty-first  Annual  Report,  191 1.  Philadel- 
phia, n.  d.     (From  the  company.) 

Navy  and  Marine  Corps  Register,  January,  1912.  Washington,  1912.  (From 
the  Navy  Department.) 

U.  S.  Department  of  Agriculture,  Bureau  of  Soils,  Field  Operations,  1909. 
Washington,  1912.     (From  the  Department.) 

New  York  Education  Department,  State  Library  Report  for  1909  and  1910. 
Albany,  191 1.     (From  the  Department.) 

Bombay  Presidency,  Rainfall  for  Years  Previous  to  1891,  vol.  i,  1910.  Bom- 
bay, 1910.     (From  the  Meteorological  Department  of  India.) 

India  Rainfall  Data,  1910.  Calcutta,  191 1.  (From  the  Meteorological  De- 
partment.) 

Western  Australia,  Statistical  Register  for  1909  and  Previous  Years.     Perth, 

1911.  (From  the  Government  Statistician.) 

U.  S.  Interstate  Commerce  Commission,  Bulletin  of  Revenues  and  Expenses 
of  Steam  Roads  in  the  United  States,  compiled  from  monthly  reports 
covering  the  years  1910  and  191 1.  Washington,  1912.  (From  the  Com- 
mission.) 

Uruguay,  Republica  Oriental,  Anuario  Estadistico,  tomo  2,  parte  i,  1907-1908. 
Montevideo,  1911.     (From  the  Government.) 

Indian  Railwray  Conference  Association,  Locomotive  and  Carriage  Superin- 
tendents' Committee,  Proceedings  191 1,  and  of  Calcutta  Meeting,  January, 

1912.  Bombay,  1912.     (From  the  Committee.) 

National  Park  Conference,  Proceedings  191 1.    Washington,  1912.     (From  the 

Department  of  the  Interior.) 
U.    S.   National   Museum   Report   for    191 1.     Washington,    1912.     (From   the 

Smithsonian  Institution.) 
American  Society  of  Civil  Engineers,  Transactions,  vol.  74,  December,  191 1. 

New  York,  191 1.     (From  the  Society.) 
Institution  of  Civil  Engineers,  Minutes  of  the   Proceedings,  vol.   184,   191 1- 

12.     London,   1912.     (From  the  Institution.) 
Philadelphia  City  Trusts,  Forty-second  Annual  Report  of  the  Board  of  Direc- 
tors, 191 1.    Philadelphia,  1912.     (From  the  Board.) 
U.  S.  Department  of  Commerce  and  Labor,  The  Effects  of  Topography  and 

Isoctatic  Compensation  upon  the  Intensity  of  Gravity.     Washington,  1912. 

(From  the  Department.) 
Atlantic  Deeper  Watervi'ays   Association,   Report  of  the   Proceedings,    191 1. 

Philadelphia,  191 1.     (From  the  Association.) 
Canada,  Department  of  Trade  and  Commerce,  Report  Part  7,  191 1,  Trade  of 

Foreign  Countries  and  Treaties  and  Conventions.     Ottawa,  1912.     (From 

the  Department.) 
Stevens,  Horace  J.,  The  Cooper  Handbook,  vol.   10,   1910-1911-     Houghton, 

1911.     (From  the  author.) 
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San  Fernando,  Anales  del  Institute  y  Observatorio  de  Marina,  Section  2,  Ano. 

1910.  San  Fernando,  191 1.     (From  the  Institute.) 

Maryland  Geological  Survey,  Report  Vol.  9,  191 1,  Geology  and  Paleontology; 
Report  Vol.  4,  County  Resources ;  Report  Vol.  6.  Baltimore,  1912. 
(From  the  State  Geologist.) 

Japan  Imperial  Investigation  Committee  on  Earthquakes,  vol.  6.  No.  i. 
Tokyo,  1912.     (From  the  Committee.) 

U.  S.  Department  of  Commerce  and  Labor,  Commerce  and  Navigation  of 
the  United  States,  191 1.     Washington,  191 1.     (From  the  Department.) 

Pennsylvania — Commissioner  of  Banking,  Report  for  1910,  part  2,  Building 
and  Loan  Associations;  Department  of  Mines,  Report  1910,  part  i.  An- 
thracite, part  2,  Bituminous;  Smull's  Legislative  Handbook,  191 1;  De- 
partment of  Fisheries,  Report  for  191 1;  Secretary  of  Internal  Afifairs. 
Report  for  1910,  part  i.  Land  Office,  Boundary  Lines;  part  2,  1910, 
Assessments,   Taxes ;    part   3,    1910,    Industrial    Statistics ;    part   4,    1910- 

191 1.  Railroads,  Canals,  Telegraphs,  and  Telephones.     Harrisburg,  1910^ 

1912.  (From  the  State  Library.) 

U.  S.  Department  of  the  Interior,  Bureau  of  Education,  Report  of  the  Com- 
missioner, vol.  I,  191 1.     Washington,  1912.     (From  the  Department.) 

Hamilton  Association,  Journal  and  Proceedings,  1907-1908.  Hamilton,  1908. 
(From  the  Association.) 

New  York  City,  Borough  of  Manhattan,  Investigation  and  Report  upon  Gas 
Pressure  Conditions.  New  York,  n.  d.  (From  the  Public  Service  Com- 
mission.) 

American  Institute  of  Architects  and  T-Square  Club,  Philadelphia  Chapter, 
Year-Book,  1912.     Philadelphia,  n.  d.     (From  the  Institute.) 

American  Gas  Institute,  Proceedings,  vol.  6.  Easton,  Pa.,  1912.  (From  the 
Institute.) 

New  South  Wales  Geological  Survey — Mineral  Resources  No.  14,  "  The 
Tin-Mining  industry  and  the  Distribution  of  Tin  Ores  in  New  South 
Wales,"  by  J.  E.  Carne,  F.G.S.     Sydney,  igii.     (From  the  Survey.) 

Pennsylvania  Conference  of  Charities  and  Corrections,  Proceedings  Second 
Annual  Session,  November  15.  16,  17,  1910.  Morganza,  Pa.,  191 1.  (From 
the  Conference.) 


THE   CENTENARY   OF   THE  INTRODUCTION   OF  GAS 
AS  AN  ILLUMINANT. 

BY 

WALTON  FORSTALL, 

Assistant  Engineer  of  Distribution,  Philadelphia  Gas  Works. 

On  April  i8th  and  19th  the  Centenary  of  the  Introduction  of  Gas  as  an 
Illuminant  was  celebrated  in  the  Hall  of  the  Institute.  Three  societies  joined 
with  the  Institute  in  this  ev^ent,  viz..  the  American  Philosophical  Society,  the 
American  Chemical  Society,  and  the  American  Gas  Institute.  The  initiative 
was  given  by  a  paper  on  ''  The  Present  Status  of  the  Gas  Industry  and  its 
Outlook,"  read  by  Dr.  Charles  E.  Munroe,  of  the  George  Washington  Univer- 
sity, at  the  December,  191 1,  meeting  of  the  American  Chemical  Society.     A 
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committee  was  appointed  by  this  meeting  to  confer  with  the  American  Gas 
Institute  and  other  interested  societies.  The  American  Philosophical  Society- 
welcomed  the  idea  and  was  willing  to  devote  one  session  to  this  purpose  at 
its  April  meeting.  The  Franklin  Institute,  for  reasons  to  be  more  fully  ex- 
plained, was  glad  to  participate,  and  offered  its  Hall  for  any  or  all  of  the 
sessions.  In  the  last  form  this  invitation  was  finally  accepted,  because  it  was 
decided  that  the  meeting-room  of  the  Philosophical  Society  would  be  inade- 
quate in  size.  The  American  Gas  Institute,  as  the  national  representative 
of  the  gas  profession,  appreciated  its  responsibility  in  the  matter  and,  through 
its  Technical  Committee,  secured  the  lecturers  and  cared  for  the  many  details 
involved. 

It  was  indeed  fitting  that  the  Franklin  Institute  should  not  only  participate 
but  act  as  host  on  this  occasion,  for  both  now  and  its  earliest  days  its  rela- 
tion to  the  gas  industry  has  been  most  intimate.  Samuel  Vaughan  Merrick 
is  the  link  in  the  past.  He  is  considered  as  one  of  the  two  founders  of  the 
Institute.  He  was  on  the  Board  of  Managers  from  1824  to  1863,  and  was 
president  from  1841  to  1853.  He  designed  and  constructed  in  1835-6,  the 
original  Philadelphia  Gas  Works,  located  at  Market  Street  and  the  Schuylkill 
River.  To  his  success  in  this  work  eloquent  testimony  was  borne,  at  the  cele- 
bration', by  a  silver  pitcher  loaned  by  J.  Vaughan  Merrick,  on  which  was 
inscribed  "  Presented  to  Samuel  V.  Merrick,  Engineer,  by  the  Stockholders, 
in  testimony  of  their  admiration  of  his  skill  in  designing  and  his  success  in 
the  construction  of  the  Philadelphia  Gas  Works,  January  22nd,  1838."  Walton 
Clark,  president  of  the  Institute,  is  a  past  president  of  the  American  Gas 
Institute  and  its  predecessor,  the  American  Gas  Light  Association,  and  as 
second  vice-president  of  The  United  Gas  Improvement  Company  is  the 
engineering  head  of  the  largest  owner  of  gas  properties  in  this  country. 

The  programme  of  the  celebration  is  inserted  here  for  purposes  of  record. 

PROGRAMME. 


Thursday,  April  i8th,  1912, 

8.00  P.M. 

By-Prodncts  in  Gas  Manufacture. 

By  Charles  E.  Munroe,  Ph.D.,  Washington,  D.  C. 

Professor  of  Chemistry  and  Dean  of  the  School  of  Graduate  Studies,  The 
George  Washington  University. 

Friday,  April  iqth,  1912, 

10.00    A.M. 

The  Coniincrcial  and  Financial  Aspects  of  the  Gas  Industry. 
By  Hon.  George  B.  Cortelyou,  New  York. 
President  of  the  Consolidated  Gas  Company. 
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11.00    A.M. 

The  Technique  of  Gas  Manufacture. 

By  Alfred  E.  Forstall,  M.E.,  New  York. 

Secretary,  Trustees  Gas  Educational  Fund  of  the  American  Gas  Institute, 
and  Past  Secretary,  American  Gas  Light  Association. 

2.00  P.M. 
Gas  as  an  lUuminant. 

By  Van  Rensselaer  Lansingh,  B.S.,  New  York. 

President  of  the  Illuminating  Engineering  Society. 

3.00  P.M. 

The  Use  of  Gas  for  Heat  and  Power;  The  Testing  of  Gas. 
By  Edward  B.  Rosa.  Ph.D.,  Washington,  D.  C. 
Chief  Physicist,  National  Bureau  of  Standards. 

The  lectures  themselves  are  to  be  found  in  this  and  succeeding  issues  of 
the  Journal.  The  Thursday  evening  session  was  called  to  order  by  Dr. 
W.  W.  Keen,  president  of  the  American  Philosophical  Society,  with  a  few 
remarks  on  the  great  part  played  by  gas  in  adding  to  the  sum  of  human  wel- 
fare. The  Friday  morning  session  was  opened  by  Dr.  A.  D.  Little,  president 
of  the  American  Chemical  Society.  The  afternoon  session  had  as  chairman 
James  Mapes  Dodge,  vice-president  of  the  Institute.  It  should  be  stated  here 
that  Walton  Clark,  president  of  the  Franklin  Institute,  and  Ira  C.  Copley, 
president  of  the  American  Gas  Institute,  were  unable  to  be  present,  the 
former  because  of  absence  from  the  country,  the  latter  because  of  sickness. 

There  were  two  events  on  Friday,  not  shown  on  the  programme.  The 
first  was  after  Mr.  Cortelyou's  lecture,  when  the  Chairman  requested  those 
in  the  audience  to  rise  who  had  been  engaged  in  the  gas  business  thirty  years 
or  more.  Seventeen  responded,  and  among  them  was  L.  H.  Davis,  in  his 
ninetieth  year,  who  built  a  gas  works  at  Troy,  N.  Y.,  in  1848,  and  a  number 
of  others  in  rapid  succession  immediately  thereafter.  The  second  event  was 
a  luncheon  to  the  audience  between  the  morning  and  afternoon  sessions. 
This  was  tendered  by  The  United  Gas  Improvement  Company,  and  its  presi- 
dent, Mr.  Samuel  T.  Bodine,  welcomed  the  guests. 

The  attendance  at  all  the  sessions  was  excellent,  the  Hall,  with  a  seating 
capacity  of  three  hundred,  being  almost  filled.  The  greatest  interest  was 
shown  not  only  in  the  lectures  but  also  in  the  Loan  Exhibition  mentioned  on 
the  programme.  A  list  of  the  articles  on  exhibition  is  appended  as  a  part  of 
this  account.  The  exhibition  was  held  in  the  first-floor  room  north  of  the 
hallway,  the  room  being  kindly  loaned  for  the  purpose  by  its  present  occu- 
pants, the  Committee  on  Science  and  the  Arts.  Four  excellent  photographs 
taken  of  the  exhibition  are  now  part  of  the  records  of  the  Institute.  There 
was  also  in  the  wall  of  the  stairway  .leading  to  the  second  floor  an  exhibit 
of  most  of  the  modern  forms  of  gas  burners. 

It  is  to  be  regretted  that  every  member  of  the  Institute  was  not  able  to  be 
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present  on  this  thoroughly   enjoyable  occasion,   the   latest  of   many  historic 
celebrations  held  in  the  venerable  Hall. 

In  closing,  an  opportunity  is  here  taken  to  thank,  in  the  name  of  the 
Institute,  all  who  contributed  to  the  success  of  the  Centenary. 

LIST  OF  EXHIBITS,  TEMPORARY  LOAN  EXHIBITION. 

Loaned  by  the  United  Gas  Improvement  Company 

Original  model  of  Lowe  water  gas  apparatus  from  which  the  patent  was 
made. 

Old  gas  meter. 

Pentane  lamp :  English  photometric  standard  certified  by  the  Board  of 
Trade  for  testing  purposes  in  London  in  the  70's. 

Hefner  lamp,  German  photometric  standard. 

Carcel  lamp,   French  photometric  standard. 

Argand  standard  lamp. 

Photographs  of  autograph  letter  of  David  Melville,  the  American  gas 
lighting  pioneer. 

Picture  of  William  Murdoch,  the  father  of  the  gas  industry. 

Picture  of  Phillippe  Lebon,  the  great  French  inventor. 

Picture  of  F.  A.  Winsor,  pioneer  promoter  of  the  gas  industry. 

Picture  of  T.  S.  C.  Lowe,  inventor  of  the  Lowe  water  gas  apparatus. 

Picture  of  Sir  George  Livesey,  1834-1908,  former  chairman,  South  Metro- 
politan Gas  Company,  London. 

Photograph  of  Thomas  Dolan,  former  president  of  The  United  Gas 
Improvement  Company. 

Picture  of  Mr.  Theobald  Forstall,  gas  engineer. 

Picture  of  A.  C.  Humphreys,  president  Stevens  Institute  of  Technology. 

Plan  of  New  York  City  in  1767. 

Plan  of  the  city  of  Philadelphia  in  1796. 

Picture  of  historic  development  of  water  gas  manufacture. 

Picture  of  Lowe  water  gas  apparatus   (elevation). 

Picture  of  Lowe  water  gas  apparatus  (plan). 

Picture  of  Lowe  gas  apparatus. 

Picture  of  Lowe  gas  apparatus. 

Picture  of  Lnwe  gas  apparatus. 

Picture  of  Lowe's  improved  gas  apparatus,  S.  A.  Stevens  Company. 

Picture  of  gas  machinery  of  1881. 

Picture  of  "  Early  days  in  the  Gas  Business." 

Picture  of  "  Charging." 

Picture  of  "  Warm  Work." 

Picture  of  Astoria  Plant  (New  York)  first  unit  coal  gas. 

Photograph  and  autograph  letter.  Dr.  Carl  Auer  von  Welsbach. 

Framed  Paper,  Rules  of  New  Orleans  Gas  Works,  by  Theobald  Forstall. 

Old  Gas  Bill,  Philadelphia  Gas  Works,  1842  (price  of  gas  then  $3.50  per 
thousand). 

Old  London  cartoon,  "  One  of  the  Advantages  of  Gas  over  Oil." 
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Philadelphia  Gas  Works  prior  to  1870. 

Three  views  of  Old  Philadelphia  Gas  Works,.  Market  Street  and  Schuyl- 
kill River. 

Survey  for  Philadelphia  Gas  Works  Wharf,  1841. 

Volume  I,  Number  i,  of  The  Journal  of  Gas  Lighting,  London,  February 
10,  1849. 

Volume  I,  Number  i,  of  The  American  Gas  Light  Journal,  July  i,  1859. 

"  Some  Information  Concerning  Gas  Lights,"  by  Thomas  Cooper,  Phila- 
delphia, 1816. 

"  The  Theory  and  Practice  of  Gas  Lighting,"  by  T.  S.  Peckston,  London, 
1819. 

Accum's  treatise  on  "  The  Manufacture  of  Coal  Gas,"  London,  1820. 

Charts  of  statistics  shoviring  the  growth  of  the  gas  industry. 


Loaned  by  Consolidated  Gas  Company  of  New  York. 

Piece  of  wooden  gas  main  in  use  in  Long  Island  City  for  a  number  of 
years. 

Model  of  the  home  of  I^Ir.  Everett,  first  president  of  the  New  York  Gas 
Company,  the  first  house  in  Manhattan  lighted  by  gas. 

Old  street  lamp  meter  prior  to  i860. 

Street  lamp  meter. 

Cavalry  sabre  blade  found  in  a  gas  main  in  Manhattan  on  making  repairs. 

Two  pictures  of  wooden  gas-holder  guide-frame  used  in  Bronx  until 
recent  years. 

Drawing  trunk  lines  in  use  in  New  York  from  the  introduction  of  gas 
to  the  present  day. 

Full-size  drawing  of  services  in  use  at  different  periods  from  the  intro- 
duction of  gas  to  the  present  day,  Yz  inch  to  8  inches. 

Framed  paper — Remonstrance  against  gas  in  Philadelphia,  1833. 

Eight  Consolidated  gas  bills  of  different  periods  from  1827  to  1879. 

Five  photographs  of  the  air  lock  used  in  construction  of  tunnel  for  the 
East  River  Gas  Company  of  Long  Island  City. 

Three  sketches  of  Old  Manhattan  Works. 

Picture  of  Manhattan  Gas  Works,  Eighteenth  Street  Station. 

Picture  of  Manhattan  Gas  Works,  Fourteenth  Street  Station. 

Picture  of  Metropolitan  Gas  Works,  Sixty-fifth  Street  and  North  River. 

Picture  of  Metropolitan  Gas  Works,  Sixty-third  and  East  River. 

Picture  of  Metropolitan  Gas  Works,  Forty-second  and  North  River. 

Employees  of  the  Consolidated  Gas  Company  who  have  been  in  active 
service  for  forty  years  or  more. 

Report  of  Special  Committee  on  Gas  Light  in  1826. 

Photograph  of  General  Office,  Irving  Place  and  Fifteenth  Street,  in  1870. 

Picture  of  proposed  Astoria  Tunnel  showing  2.72-inch  pipes. 

Picture  of  entire  Street  Department  of  the  old  New  York  Gas  Company 
in  1877. 
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Loaned  by  ^ew  Orleans  Gas  Light  Company. 

Check  on  New  Orleans  Gas  Light  and  Banking  Company  by  Lee  &  Hardy, 
1836. 

List  of  slaves,  showing  days  worked  and  days  sick  of  each,  1854. 

List  of  slaves,  with  gift  to  each,  1861. 

Pen-and-ink  drawings  in  perspective  of  the  New  Orleans  Gas  Works  in 
1865. 

Plan  of  New  Orleans  Gas  Works,  dated  1836. 

Picture  of  Col.  W.  S.  Campbell,  engineer.  New  Orleans  Gas  Light  Com- 
pany, 1847-1860. 

Receipt  of  State  land  tax  from  "  The  Gas  Bank,"  year  1845. 

Promissory  Note  of  New  Orleans  Gas  Light  and  Banking  Company,  in 
183s,  $1,000. 

Letter  dated  1836,  relating  to  mutual  operation  between  the  "  New  Orleans 
Gas  Light  and  Banking  Company  "  and  a  bank  in  Boston. 

Certificate  of  a  survey  for  the  New  Orleans  Gas  Light  Company  in  1840. 

Bond  of  $15,000  guaranteeing  the  "  Ass't  Discount  Clerk"  of  the  New 
Orleans  Gas  Light  and  Banking  Company,  dated  1836. 

Paper  relating  to  the  sale  of  a  slave  to  the  New  Orleans  Gas  Light  Com- 
pany. The  slave  is  guaranteed  against  all  vices  except  that  of  running  away, 
dated  1838. 

Night  pass  for  slave.  New  Orleans  Gas  Works. 

Loaned  by   Welsbach   Company. 

The  first  incandescent  gas  burner  used  in  America.     Received  by  Ameri- 
can Welsbach  Company  in  1887. 
Gordon  regenerative  lamp,  1884. 
Siemens-Lungren  regenerative  lamp,  1884. 
No.  150  Welsbach  lamp,  made  in  1888. 
No.  5  Bell  burner,  June,  1888. 
French  Welsbach  burner,  multiple  air  supply. 
Lungren  burner,  mantle  of  magnesia,  1887. 
Sellon  burner,  1887,  mantlf  of  platinum  gauze  (not  shown). 
Denayrouze  Multiple-Bunsen  incandescent  burner. 
No.  3  Welsbach  lamp,  August,  1888. 
No.  75  gas  lamp,  1887,  made  by  the  Welsbach  Company. 
Gordon  regenerative  lamp,  1884. 

Loaned  by  Birkinbine  Engineering  Offices. 

Old  drawing  for  Lebanon  Gas  Works,  1856. 

Old  drawing  for  gas  purifying  house  prior  to  i860. 

Old  drawing  for  Lock  Haven  Gas  Works,  made  in  the  50's. 

Old  drawing  of  Birkinbine  patent  gas-retort,  made  about  i860. 

Old  drawing  of  Lewisburg  Gas  Works,  made  in  the  50's. 

Old  drawing  of  Lebanon,  Pa.,  Gas  Works,  1856. 
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EXHIBIT.  LOANED    BY. 

Glazed  dry  meter,  about   1870 Helme  &  McIIhenny. 

Wet    meter    Helme  &  Alcllhenny. 

Glazed  prepayment  meter    Helme  &  McIIhenny. 

Meter  made  in  1863  by  John  J.  Griffin 

&  Co.,  in  New  York John  J.  Griffin  Co.,   Philadelphia. 

Model  for  column  for  first  gas  holder 

(capacity  250,000  cubic  feet)  erected 

for    New    York    Mutual    Gas    Light 

Company,    1876    New    York    Mutual    Gas    Light    Com- 
pany. 
Photograph  of  building  in  which  gas 

was  first  made  in  Mt.  Vernon,  New- 
York    Westchester    Lighting    Company. 

Photograph  of  an  old  employee Westchester    Lighting    Company. 

Old    gas    stove    used    in    Philadelphia 

prior  to   1850    Bartlett  &  Co.,  Philadelphia. 

Old  sun  dial  stove  made  in  Philadel- 
phia by  the  Goodwin  Company  and 

bought    in    i86g    by    "  Uncle    Jerry " 

Howard,    of    Galena Eclipse  Gas  Stove  Company. 

Consumers'    wet    meter,    1855,    No.    2, 

made  by  D.  and  H.  McDonald D.  McDonald  &  Co.,  of  Albany,  N.  Y. 

Old    dry    burner    test    meter    square 

diaphragm,  made  in  the  6o*s  by  D. 

and   H.   McDonald D.  McDonald  &  Co..  of  Albany,  N.  Y. 

Pict'Ure    of    Samuel    V.    Merrick,    en- 
gineer of   Philadelphia  Gas  Works. Mr.  J.  Vaughan  Merrick. 
Testimonial    pitcher    awarded    to    Mr. 

Samuel    V.    Merrick,    engineer.    Old 

Philadelphia   Gas   Works,   in    1838.. Mr.  J.  Vaughan  Merrick. 
First    gas    stock    certificate    issued    in 

this   country    Mr.    Julia    F.    Sachse.    librarian,    and 

Committee  on  Library,  Grand  Lodge 
F.  &  A.  M.  of  Pennsylvania. 
A    gas    bill    of    fifty    years    ago.    two 

months,  $Qi    (orice  of  gas  then,  $10 

per    thousand)      Savannah  Gas  Company. 


BOOK  NOTICES. 

Paint  Technology  and  Tests.  By  Harry  A.  Gardner.  Assistant  Director, 
The  Institute  of  Industrial  Research,  Washington,  D.  C. :  Director, 
Scientific  Section,  Educational  Bureau,  Paint  Manufacturers'  Association 
of  the  United  States,  etc.  Cloth,  8  vo. ;  266  pages.  Profusely  illustrated. 
McGraw  Hill  Book  Company,  New  York.  Price,  $3. 
In  this  volume  Mr.  Gardner  has  collated  and  systematized  the  results 
Vol.  CLXXIII,  No.  1038—46 
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obtained  from  his  work  on  paint  technology  conducted  during  the  past  five 
or  six  years  for  the  Paint  Manufacturers'  Association.  This  work  has  cov- 
ered a  wide  range  of  field  work,  supplemented  by  extensive  physical  and 
chemical  research  in  the  laboratory.  The  information  here  for  the  first  time 
set  forth  in  due  order  of  correlation  has  appeared  from  time  to  time  in  the 
form  of  bulletins,  reports,  and  pamphlets  to  the  members  of  the  association, 
but  has  not  hitherto  been  available  to  the  general  technical  public. 

In  its  scope  the  work  covers  the  technology  of  the  raw  materials,  labora- 
tory study  of  the  nature  and  physical  characteristics  of  paint  films  of  varying 
composition ;  the  testing  of  paint  films  in  situ  on  various  structural  material, 
with  details  of  the  field  tests  conducted  for  the  association;  methods  of 
inspecting  and  reporting  such  tests,  etc.  One  of  the  most  interesting  chapters 
is  that  devoted  to  structural  steel  paint  test,  in  which  the  work  in  connection 
with  Dr.  Cushman's  theory  of  inhibition  is  given  in  detail.  Much  of  the 
laboratory  methods  and  devices  used  are  original  with  the  author  and  are  a 
valuable  contribution  to  the  study  of  paint  technology. 

G.  B.  Heckel. 

"  Galvanostegie,"  Erster  Teil,  Elektrolytische  Metallniederschlage,  von  Dr. 

M.  S.   Schlotter,  Band  37  of  Monographien  uber  Angewendte  Elektro- 

chemie,  257  pages  (24x16  cm.).    Halle-a.-S.,  Germany,  Wilhelm  Knapp. 

Price,  12  marks. 

This  book  is  a  scholarly  account  of  the  subject  of  electroplating,  in  which 
both  patent  literature  and  scientific  literature  receive  adequate  treatment. 
The  references  to  the  Hterature  are  unusually  full  for  a  work  of  this  type. 
As  a  whole,  the  book  is  a  remarkable  example  of  the  broad  spirit  in  which 
the  Germans  conceive  their  industrial  problems  and  of  the  sort  of  men  to 
whom  they  intrust  the  working  out  of  them.  It  is  startling,  for  instance,  to 
find  a  "  practical "  electroplater  familiarly  invoking  the  Nernst  solution- 
pressure  formula  (page  223)  to  get  a  quantitative  idea  of  the  possibilities 
when  a  mechanical  mixture  of  two  metals  is  employed  as  electrode  in  a  solu- 
tion containing  ions  of  both.  The  work  is  clearly  written  and  requires  no 
previous  knowledge  of  the  subject.  It  will  be  of  the  utmost  value  to  every 
one  interested  in  electroplating. 

Robert  H.  Bradbury. 

"  Traite  d'Analysis  Metallurgiques."     By  J.  Hognon.    155  pages  (21.5x13 

cm.).    Paris,  Gauthier-Villars.     Price,  5  francs. 

This  is  an  elementary  manual  of  iron  and  steel  analysis,  intended  espe- 
cially for  works  where  the  basic  Bessemer  process  is  in  use.  The  book  is 
written  for  beginners,  and  the  author  wisely  refrains  from  describing  too 
many  methods,  giving  only  one,  or  at  most  two,  for  each  purpose.  These 
methods  are,  as  a  rule,  well  selected  and  well  described.  There  are  some 
defects  which  might  be  remedied  in  a  second  edition. 

It  seems  to  the  reviewer  a  mistake  to  omit  all  explanation  of  the  calori- 
metric  bomb  from  the  subject  of  fuel  analysis.  The  naive  statement  on 
page  67,  that  it  is  possible  to  pass  from  a  hydrochloric  acid  solution  to  a 
nitric  acid   solution  by  simply  neutralizing  with   ammonia   and   re-acidifying 
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with  nitric  acid,  is  in  rather  urgent  need  of  revision.  The  method  for  the 
gravimetric  determination  of  sulphur  (page  92)  should  be  rewritten,  in  the 
light  of  recent  work.  On  page  96  the  author  can  hardly  have  intended  to 
advise  the  chemist  to  fuse  carborundum  with  a  mixture  of  sodium  hydroxide 
and  potassium  hydroxide  in  a  platinum  crucible.  The  atomic  weight  table 
seems  to  have  been  taken,  without  correction,  from  some  old  book.  The 
atomic  weight  of  tin  differs  from  the  correct  value  by  a  whole  unit,  while 
the  atomic  weight  of  uranium  is  given  as  240  and  that  of  titanium  as  50! 

On  the  whole,  the  text-book  will  hardly  interest  American  chemists,  since 
much  better  works  are  available  in  English  and  in  German.  There  is  a  table 
of  contents,  but  no  index. 

Robert  H.  Bradbury. 


PUBLICATIONS  RECEIVED. 

Outlines  of  Applied  Optics,  by  P.  G.  Nutting,  associate  physicist.  Bureau 
of  Standards.  Washington,  D.  C,  Blakiston's  Science  Series.  234  pages,  illus- 
trations, i2mo.  Philadelphia,  P.  Blakiston's  Son  &  Co.,  1912.  Price,  in 
cloth,  $2. 

Allen's  Commercial  Organic  Analysis,  a  treatise  on  the  properties,  modes 
of  assaying,  and  proximate  analytical  examination  of  the  various  organic 
chemicals  and  products  employed  in  the  arts,  manufactures,  medicines,  etc., 
with  concise  methods  for  the  detection  and  estimation  of  their  impurities, 
adulterations,  and  products  of  decomposition.  Volume  vi.  Amines  and 
ammonium  bases,  aniline  and  its  allies,  naphthylamines,  pyridine,  quinoline, 
and  acridine  bases,  vegetable  alkaloids,  volatile  bases  of  vegetable  origin,  nico- 
tine and  tobacco,  aconite  alkaloids,  atropine  and  its  allies,  cocaine,  opium, 
strychnos  alkaloids,  cinchina  alkaloids,  berberine,  caffeine,  tea  and  coffee, 
cocoa  and  chocolate,  by  the  editors,  and  the  following  contributors :  W.  H. 
Glover,  R.  W.  Tonkin,  J.  J.  Fox,  Edward  Horton,  Thomas  A.  Henry,  Francis 
H.  Carr,  E.  Vanderkleed,  P.  J.  Sageman,  Frank  O.  Taylor,  Samuel  P.  Sadtler, 
Oliver  Chick,  R.  Whymper.  Fourth  edition,  entirely  rewritten.  Edited  by 
W.  A.  Davis  and  Samuel  S.  Sadtler.  726  pages,  plates,  8vo.  Philadelphia, 
P.  Blakiston's  Son  &  Co.,  1912.     Price,  in  cloth,  $5. 

Canada  Department  of  Mines,  Mines  Branch.  An  investigation  of  the 
coals  of  Canada,  with  reference  to  their  economic  qualities,  as  conducted  at 
McGill  University,  Montreal,  under  authority  of  the  Dominion  Government. 
In  six  volumes,  by  J.  B.  Porter,  E.M.,  D.Sc,  and  R.  J.  Durley,  Ma.E.,  assisted 
by  Theophile  C.  Denis,  B.Sc,  Edgar  Stansfield,  M.Sc,  and  a  staff  of  special 
assistants.  Vol.  i,  233  pages,  illustrations,  plates,  maps,  tables,  8vo.  Ottawa, 
Government  Printing  Bureau,  1912.     Price,  $1. 

Konstant  auftretende  secunddre  Maxima  und  Minima  in  den  jahrlichen 
Verlauf  der  meteorlogischen  Erscheinungen  von  Dr.  Van  Rijckevorsel. 
Sechste  abteilung.  39  pages,  illustrations,  4to.  Rotterdam,  W.  J.  Van  Hengel, 
1912. 

Royal  Institution  of  Great  Britain.  Weekly  evening  meeting.  May  19, 
191 1 — Recent  Experiments  with  Invisible  Light,  by  Prof.  R.  W.  Wood.  12 
pages,  plates,  8vo.    January  26,  1912 — The  Pressure  of  a  Blow,  by  Prof.  Ber- 
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tram  Hopkinson,  M.A.  15  pages,  illustrations,  plates,  8vo.  February  23, 
1912 — The  Gyrostatic  Compass  and  Practical  Application  of  Gyrostats,  by 
George  K.  B.  Elphinstone,  Esq.  5  pages,  8vo.  March  tf  1912 — The  Total 
Eclipse  of  the  Sun,  April,  191 1,  as  observed  at  Vavau,  Tonga  Islands,  by 
William  J.  S.  Lockyer,  Esq.  13  pages,  illustrations,  plates,  8vo.  March  22, 
1912 — The  North  Sea  and  its  Fisheries,  by  Prof.  D'Arcy  W.  Thompson.  13 
pages,  Svo.    London,  Institution,  1911-12. 

U.  S.  Forest  Service.  Bulletin  No.  106,  Wood-using  industries  and 
national  forests  of  Arkansas.  Part  i.  Uses  and  Supply  of  Wood  in  Arkansas, 
by  J.  T.  Harris  and  Hu  Maxwell.  Part  ii.  Timber  Resources  of  the  National 
Forests  in  Arkansas,  by  Francis  Kiefer.  40  pages,  Svo.  Washington,  Govern- 
ment Printing  Office,  1912. 

U.  S.  Bureau  of  Mines.  First  annual  report  of  the  Director  for  the  fiscal 
year  ended  June  30,  191 1.  57  pages,  Svo.  Bulletin  No.  10,  The  Use  of  Per- 
missible Explosives,  by  J.  J.  Rutledge  and  Clarence  Hall.  34  pages,  illus- 
trations, plates  Svo.  Bulletin  No.  25,  Mining  Conditions  under  the  City  of 
Scranton,  Pa.  Reports  and  maps  by  William  Griffith  and  EH  T.  Conner,  virith 
a  preface  by  Joseph  A.  Holmes  and  a  chapter  by  N.  H.  Darton.  2  vols.,  illus- 
trations, plates,  maps,  Svo.  Technical  paper  12,  The  Behavior  of  Nitroglycerin 
When  Heated,  by  Walter  O.  Snelling  and  C.  G.  Storm.  14  pages,  illustra- 
tions, plate,  Svo.    Washington,  Government  Printing  Office,  1912. 

V.  S.  Commissioner  of  Education.  Report  for  the  year  ended  July  30,  1911. 
Volume  i.    675  pages,  Svo.    Washington,  Government  Printing  Office,  1912. 

U.  S.  Bureau  of  Standards.  Technologic  paper  No.  2,  The  Strength  of 
Reinforced  Concrete  Beams;  Results  of  Tests  of  ^2,2)  Beams  (first  series),  by 
Richard  L.  Humphrey  and  Louis  H.  Losse.  200  pages,  illustrations,  tables, 
plates.  Technologic  Paper  No.  7,  The  Testing  of  Clay  Refractories,  with 
Special  Reference  to  Their  Load-carrying  Capacity  at  Furnace  Temperatures, 
by  A.  V.  Bleininger.  ceramic  chemist,  and  G.  H.  Brovvn,  assistant  ceramic 
chemist.  Bureau  of  Standards.  7S  pages,  illustrations,  Svo.  Circular  No.  3:^, 
United  States  Government  Specification  for  Portland  Cement.  28  pages,  illus- 
trations, Svo.    Washington.  Government  Printing  Office,  1912. 
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Crop  Plants  for  Paper  Making.  C.  J.  Brand.  {Bureau  of 
Plant  Ind.  Circular  No.  82.) — The  Bureau  of  Plant  Industry  is 
conducting  experiments  with  crop  by-products  and  specially-cul- 
tivated plants  for  paper  making.  At  present  the  most  important 
crop  waste  is  ordinary  Indian-corn  stalks,  of  which  30  million  tons 
are  annually  available  in  the  corn  belt.  When  extracted  with  water  a 
ton  of  corn-stalks  yields  200  to  300  pounds  of  dissolved  soHds, 
apparently  of  high  nutritive  value,  and  experiments  are  now  proceed- 
ing on  feeding  stock  with  the  concentrated  extract.  In  addition,  the 
dried  stalks  yield  12  to  18  per  cent,  of  long  fibre  of  high  quality  and 
15  to  30  per  cent,  of  "  pith-pulp  ''  of  less  value  but  utilizable  in 
special  directions.  "  Broom-corn  "  stalks  look  more  promising  both 
as  regards  yield  and  quality,  but  the  production  is  only  estimated 
at  450,000  tons.  The  proportion  of  pith  in  the  "  broom-corn  "  stalk 
is  not  so  large,  and  pulp  may  be  used  up  to  50  per  cent,  in  the  com- 
position of  high-class  book  paper  without  any  separation  of  the  pith- 
cells,  which  is  absolutely  necessary  with  ordinar\^  corn-stalks.  Rice 
straw  is  one  of  the  most  promising  of  raw  materials;  about  ij^ 
million  tons  is  the  estimated  product.  It  is  expected  to  yield  about 
35  per  cent,  of  pulp  suitable  for  excellent  qualities  of  book  paper. 
Cotton  hull  fibre  has  already  established  itself  as  an  industrial  raw 
material  of  considerable  value.  Cotton  stalks  and  bagasse  do  not 
appear  likely  to  yield  satisfactory  substitutes  for  wood  pulp.  About 
3  million  tons  of  flax  straw  are  produced,  of  which  about  300,000 
tons  are  utilized  for  the  manufacture  of  a  rough  grade  of  tow. 
Hemp  is  perhaps  the  most  attractive  crop  which  could  be  grown, 
from  the  point  of  view  of  paper  making.  It  should  be  "  dew- 
retted  "  to  avoid  impoverishing  the  soil.  One  acre  should  yield  2^4 
to  3  tons  of  retted  stalks,  yielding  40  to  45  per  cent,  of  pulp. 

Normal  Light  Mercury-vapor  Lamps.  (Engineering,  xcii, 
Xo.  2400,  873.  J — ]Mr.  Cooper  Hewitt  has  recently  succeeded  in 
improving  his  mercury-vapor  lamps  by  turning  their'  ghastly  bluish- 
green  light  into  a  normal  light,  white  with  a  trace  of  pink.  Various 
attempts  were  made  to  supply  the  deficient  red  rays.  The  tubes 
were  charged  with  nitrogen,  the  rays  appeared  pink  when  plunged  in 
ice,  but  the  regular  tint  reappeared  at  ordinary  temperature.  Argon 
and  helium  behaved  similarly.  Heroeus  used  an  amalgam  containing 
20  per  cent,  lead  and  20  per  cent,  bismuth,  with  about  0.5  per  cent, 
each  of  zinc  and  cadmium;  but  these  alloys  and  others  containing 
thallium  and  antimony  practically  yielded  mercury  arcs.     Then  Mr. 
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Hewitt  tried  combining  a  mercury  arc  with  an  incandescent  carbon 
filament,  but  these  complicated  lamps  became  inefficient.  He  then 
turned  to  fluorescence  and  was  successful  with  fluorescent  screens. 
Mercury  arc  tubes  surrounded  with  gauze  veils  dyed  with  rhodamine 
were  first  applied,  but  the  efficiency  was  poor  and  the  light  was 
unpleasant.  Then  rhodamine  reflectors  were  placed  behind  the  mer- 
cury tubes  and  a  pleasant  light  was  produced.  But,  unfortunately, 
rhodamine  is  not  fast  to  light,  and  the  screen  lost  its  effectiveness 
in  about  24  hours.  Hence  it  became  necessary  to  incorporate  the 
rhodamine  with  some  substance  which  would  render  it  more  durable 
without  interfering  with  the  fluorescence.  Such  a  substance  has 
recently  been  found,  and  the  paper  screens  are  now  coated  with 
rhodamine  by  a  complicated  process.  It  is  claimed  that  objects 
appear  of  the  same  tint,  when  examined  in  daylight,  as  they  do  in 
the  light  of  these  new  mercury  arcs  fitted  with  rhodamine  reflectors. 
Mr.  Hewitt's  patent  describes  this  as  a  varnish  consisting  of  70  parts 
of  cellulose  acetate,  10  parts  of  glycerin,  and  20  parts  of  acetic  acid, 
dissolved  in  pure  acetone  to  form  a  12  per  cent,  solution,  to  which 
a  quantity  of  rhodamine  equal  to  3  per  cent,  of  the  weight  of  cellu- 
lose acetate  and  glycerin  is  added. 

Deterioration  and  Spontaneous  Heating  of  Coal  in  Storage. 

H.  C.  Porter  and  F.  K.  Ovitz.  (/,  Ind.  Eng.  Chem.,  iv,  5.) — This 
investigation  was  conducted  by  the  United  States  Bureau  of  Mines. 
With  New  River  Coal,  which  is  largely  used  by  the  United  States 
Navy,  there  was  a  loss  of  less  than  i  per  cent,  in  calorific  value  (cal- 
culated to  "  coal  substance  free  of  moisture,  sulphur,  and  corrected 
ash  ")  when  a  300-pound  sample  was  exposed  in  the  open  air  for  i 
year.  There  was  practically  no  loss  in  samples  submerged  in  sea 
water  or  in  fresh  water.  Pocahontas  "  run  of  mine  "  coal,  a  steam- 
ing and  coking  coal,  which  is  the  principal  fuel  used  in  the  Panama 
Canal  work,  lost  less  than  0.4  per  cent,  in  calorific  value  by  exposure 
for  one  year.  Pittsburgh  coal,  a  rich  coking  and  gas  coal,  suflfered 
no  loss  in  calorific  value  by  exposure  for  6  months.  Wyoming  coal, 
a  sub-bituminous  coal  or  black  "  lignite,"  lost  5.3  per  cent,  of  its 
calorific  value  in  2^  years,  and  as  much  as  3.5  per  cent,  during  the 
first  three  months'  exposure.  Storage  under  water  prevents  loss  of 
calorific  value,  and,  as  it  also  prevents  spontaneous  combustion,  may 
be  advantageously  adopted  in  some  cases ;  but  there  is  the  great 
disadvantage  that  some  kinds  of  coal  retain  a  large  proportion  of 
water  after  draining,  and  fuel  would  be  consumed  to  evaporate  this 
water.  With  regard  to  the  spontaneous  combustion  of  coal,  these 
suggestions  are  made:  (i)  Coal  should  not  be  piled  more  than  12 
feet  deep,  nor  so  that  any  point  in  the  interior  will  be  more  than  10 
feet  from  an  air-cooled  surface.  (2)  If  possible,  lumps  only  should 
be  stored.  (3)  Handling  of  the  coal  should  be  reduced  to  a 
minimum  to  avoid  making  dust.     (4)   Lumps  and  fines  should  be 
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distributed  in  the  pile  as  evenly  as  possible,  taking  care  the  lumps  do 
not  roll  down  and  form  air  passages  at  the  bottom.  (5)  The  coal 
should  be  rehandled  and  screened  after  two  months.  (6)  External 
sources  of  heat  should  not  be  allowed  near  the  pile.  (7)  Coal,  after 
mining,  should  be  "  seasoned  "  for  6  weeks  before  storing  in  piles. 

(8)  Alternate  wetting  and  drying  of  the  coal  should  be  avoided. 

(9)  Admission  of  air  to  the  interior  of  the  pile  through  interstices 
or  porous  foundations  should  be  avoided.  (10)  Ventilation  by  pipes 
should  not  be  attempted. 

Lighting  by  Neon  Tubes.  {Engineering,  xcii,  No.  2398,  ^07.) 
— As  has  long  been  known,  a  vacuum  tube  charged  with  neon  gives 
a  brilliant  light  with  but  little  absorption  of  electric  energy,  yet  there 
is  a  progressive  absorption  of  the  gas  and  the  light  is  finally  ex- 
tinguished. M.  G.  Claude  described  a  number  of  experiments  made 
to  overcome  this.  He  found  that  when  the  tubes  had  small 
electrodes,  these  heated  rapidly  nearly  to  redness,  and  a  metallic 
deposit  formed  on  the  glass  in  their  vicinity.  After  88  hours  this 
deposit  amounted  to  1.6  gramme.  On  examination  neon  was  found 
occluded  in  the  metal.  Hence,  as  the  disappearance  of  the  gas  was 
due  to  the  vaporization  of  the  metal,  M.  Claude  reasoned  that  the 
life  of  the  tube  would  be  lengthened  by  using  larger  electrodes, 
which  would  keep  cooler.  He  constructed  a  neon  tube,  45  mm.  in 
diameter,  with  copper  electrodes  equivalent  to  a  surface  of  300  sq. 
cm.  per  ampere  of  current.  One  of  these  tubes  worked  satisfactorily 
for  210  hours  and  was  then  accidentally  broken.  Since  then,  with 
a  tube  6  metres  long,  with  electrodes  giving  a  surface  of  500  sq.  cm. 
per  ampere,  M.  Claude  found  that  the  potential  difference  necessary 
to  maintain  the  current  only  changed  4  per  cent,  in  400  hours.  The 
efficiency  was  excellent,  only  0.8  watt  per  candle.  It  is  interesting 
to  note  that  were  the  energy  wholly  convertible  into  that  light  to 
which  the  eye  is  most  sensitive,  the  output  would  be  55  candles  per 
watt,  according  to  recent  measurements  by  MM.  H.  Buisson  and  Ch. 
Fabry. 

"  Corubin,"  a  Nev^r  Abrasive.  Axon.  {Metal  Ind.,  x,  2,  82.)  — 
"  Corubin  "  is  a  new  abrasive  manufactured  abroad.  It  is  produced 
from  the  slag  resulting  from  the  reaction  between  aluminum  and 
chromium  oxides.  It  is  practically  pure  alumina,  containing  a 
trace  of  chromium  oxide,  w^hich  gives  it  a  red  color.  On  account  of 
the  high  temperature  at  which  it  is  manufactured  it  is  free  from 
combined  water.  It  is  produced  in  three  grades — coarse,  medium, 
and  fine — and  is  sold  only  in  the  proportion  of  two  parts  coarse 
to  one  each  of  medium  and  fine. 

Monel  Metal.  Anon.  {The  Metal  Ind.,  x,  2,  72.) — Monel 
metal  is  now  to  be  had  in  the  form  of  wire  at  a  cost  that  compares 
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favorably  with  high-grade  German  silver,  but  the  properties  of  this 
new  wire  are  of  such  high  order  that  it  should  not  be  confused 
with  numerous  white  metals  of  German  or  nickel  silver.  Tests 
have  shown  that  this  monel  wire  is  as  strong  as  steel  wire,  while 
it  is  less  corrodible  than  copper  and  takes  a  finish  like  pure  nickel. 
Electrical  tests  have  shown  that  Monel  wire  has  the  following 
properties : 

Electrical  resistivity — 256  ohms  per  mil-foot.  (Temp,  coefficient,  .0011 
per  1°  F. 

Electrical  conductivity,  4  per  cent,   (copper  100  per  cent.). 

Pure  Vanadium.  O.  Ruff  and  W.  Martin.  (Zeit.  Angew. 
Cheni.,  XXV,  49.) — The  starting-point  was  the  difficulty  fusible 
vanadium  trioxide ;  the  more  readily  fusible  pentoxide  was  found 
to  be  unsuitable.  The  alumino-thermic  method,  when  carbon  was 
substituted  for  a  portion  of  the  theoretically  necessary  aluminum, 
yielded  a  product  containing  from  95  to  99  per  cent,  of  vanadium. 
Equally  good  results  were  obtained  by  making  rods  of  the  trioxide 
mixed  with  sugar  charcoal,  and  heating  them,  first  to  sintering 
in  Ruff's  electrical  vacuum  resistance  furnace,  then  to  fusion  in  an 
arc  furnace ;  or  by  melting  down  in  zirconia  crucibles  at  a  tem- 
perature of  about  2000°  C.  a  mixture  of  vanadium  carbide  and 
trioxide.  The  carbide  was  obtained  by  fusing  a  suitable  mixture  of 
trioxide  and  carbon  in  a  carbon  crucible  in  a  Ruff  furnace  at 
2800°  C.  Pure  vanadium  melts  at  1715°  C.;  its  specific  gravity, 
at  18.7°  C.,  is  5.688 ;  the  heat  of  combustion  of  i  gramme  to 
V2O5  is  2456  calories.  The  melted  metal  readily  dissolves 
both  the  trioxide  and  the  carbide ;  and  these  mixtures  melt  at 
a  higher  temperature  than  the  metal.  The  trioxide  melts  at  2000° 
C. ;    the  carbide  at  2750°   C. 

Explosion  of  Radium  Bromide.  B.  Jost.  (Chem.  Zeit.,  xxxvi, 
138.) — In  several  instances  small  grains  of  radium  bromide  burst 
into  minute  particles  with  explosive  violence  in  the  spinthariscope 
or  in  the  air  when  the  salt  was  transferred  by  means  of  a  moistened 
needle.  The  phenomenon  was  only  observed  in  the  case  of  a  very 
pure  and  old  salt,  and  when  traces  only  of  water  were  present. 
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THERMOMETRIC  LAG. 

1.  Thermometric  lag  is  conveniently  expressed  by  employ- 
ing a  quantity    / ,  whose  significance  may  be  stated  as  follows : 

(a)  If  a  thermometer  has  been  immersed  for  a  long  time  in 
a  bath  whose  temperature  is  rising  at  a  uniform  rate,  X  is  the 
number  of  seconds  between  the  time  when  the  bath  attains  any 
given  temperature  and  the  time  when  the  thermometer  indicates 
this  temperature.  In  other  words,  it  is  the  number  of  seconds 
the  thermometer  "  lags  "  behind  the  temperature. 

Or^ 

{b)  If  a  thermometer  be  plunged  into  a  bath  maintained  at 
a  constant  temperature  (the  thermometer  being  initially  at  a 
different  temperature),  X  is  the  number  of  seconds  in  which 
a  difference  between  the  thermometer  reading  and  bath  temper- 
ature is  reduced  to  i/e  of  its  initial  value. 

The  fundamental  equation  of  heat  transfer,  commonly 
referred  to  as  Newton's  law  of  cooling,  is  stated  in  terms  of  X, 
for  application  to  problems  in  thermometric  lag,  and  the  principal 
working  equations  derived  therefrom  are  reviewed. 

2.  To  express  analytically  the  lag  of  the  common  form  of 
Beckmann  thermometer,  the  simpler  theory  was  modified  to  take 
into  account  the  fact  that  the  lag  of  the  bulb  and  Jthat  of  the  large 
capillary  between  the  bulb  and  the  fine  capillary  are  different. 

3.  Methods  of  determining  lag  are  discussed  and  experiments 
are  cited  to  test  the  theories  as  applied  to  ordinary  "  chemical  " 
thermometers  and  to  Beckmann  thermometers. 

4.  The  large  variation  in  the  lag  of  a  given  thermometer  with 
the  nature  of  the  medium  in  which  it  is  immersed,  and  with  the 
rate  of  stirring  of  this  medium,  is  brought  out  by  experiments 
in  water,  in  a  viscous  kerosene,  and  in  air,  in  which  these  media 
were  forced  past  the  bulb  of  the  thermometer  at  different  meas- 
ured rates. 

^  These  two  interpretations  of  7  are  mutually  consistent.  The  actual 
definition  of  the  quantity  is  most  logically  made  by  designating  it  as  the 
"  constant "  of  the  fundamental  equation,  and  then  deducing  the  interpreta- 
tions here  given. 
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Values  from  the  curves  obtained  here : 

A    IN  Seconds.    Small  Bulb  "  Chemical  "  Thermometer. 


Vel.  past  bulb 
in  cm. /sec. 

0 

I 

5 

10 

so 

100 

500 

1000 

OC 

Water 

10. 0 

51 

3-3 

2.9 

2.4 

2-3 

ll 

Oil 

40  to  50 

13-4 

7-5 

6.4 

4.8 

8-2 

Air 

190. 

170. 

148. 

128. 

71- 

58. 

33 

25 

"'i 

5.  Part,  and  frequently  the  largest  part,  of  the  lag  of  a 
thermoelectric  or  electrical  resistance  thermometer  is  the  lag  of 
the  galvanometer.  A  d'Arsonval  galvanometer,  criticallv  damped, 
is  shown  to  lag  4  X  ^^^^ ^  l^::^^^^  ^^"^  seconds  be- 
hind  and  e.m.f.  changing  linearly  with  time,  after  the  steady 
state  of  motion  is  attained.  A  close  approximation  to  this  value 
is  lag  =  T/tt  seconds,  where  T  is  the  complete  period  of  the 
moving  system,   oscillating  much  underdamped. 

6.  Types  of  resistance  thermometers  were  tested  for  lag. 
The  Callendar  type,  in  a  liquid  bath,  was  found  to  lag  greatly  in 
comparison  with  an  ordinary  "  chemical  "  mercurial  thermometer, 
and  the  empirical  expression  of  the  lag  of  the  same  form  as  that 
developed  for  a  Beckmann  thermometer.  The  Dickinson-Mueller 
type  of  resistance  thermometer  bulb  in  a  liquid  bath  was  found  to 
lag  much  less  than  the  fastest  of  mercurial  thermometers. 

7.  The  Jaeger-Steinwehr  method  of  computing  the  lag  of  a 
resistance  thermometer,  from  the  heating  effect  of  the  measuring 
current  and  the  heat  capacity  of  the  thermometer,  is  critically 
discussed.  The  lag  of  a  Dickinson-Mueller  thermometer  in  a 
well-stirred  liquid  bath  is  shown  to  be  about  one-half  second. 

8.  The  necessary  corrections  that  must  be  applied  to  the 
observed  readings  of  a  thermometer,  to  correct  for  the  effect  of 
its  lag,  under  the  usual  conditions  of  use,  are  discussed  in  some 
detail. 

9.  An  analytic  proof  is  given  of  the  fact  that  in  an  ordinary 
calorimetric  experiment,  in  which  the  same  thermometer  is  used 
to  determine  temperatures  in  the  "  pre-period,"  the  "  middle  per- 
iod." and  the  "  after  period,"  the  correction  for  lag  in  the  middle 
period  neutralizes  the  corrections  for  lag  in  the  pre-period  and 
the  after  period. 

Washington.  February,  1912. 
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Sixteen  samples  of  linseed  oil  of  known  origin  and  purity 
were  tested.  A  complete  history  of  these  samples  is  given  in 
Technologic  Paper  No.  9,  Bureau  of  Standards,  and  also  in  the 
191 1  Proceedings  of  the  Atiierican  Society  for  Testing  Materials. 
Six  samples  of  gum  turpentine,  three  samples  of  wood  turpentine, 
two  samples  of  "  wood  spirits,"  and  one  sample  of  "  oil  "  of 
turpentine  were  also  tested. 

The  density  of  each  sample  was  determined  at  10°,  20°,  30"^, 
and  40°  C.  by  the  method  of  hydrostatic  weighing.  Special 
apparatus  was  employed  by  means  of  which  any  turpentine  be- 
tween 10°  and  40°  C.  could  be  obtained  and  automatically  main- 
tained sensibly  constant  for  any  desired  length  of  time.  The 
densities  were  determined  by  weighing  in  the  sample  at  each 
temperature  a  plummet  or  sinker  of  known  mass  and  volume,  the 
sinker  having  been  calibrated  by  weighing  in  twice-distilled  water. 

The  temperatures  were  read  on  two  mercurial  thermometers 
suspended  in  a  glass  tube  placed  parallel  and  adjacent  to  the  tube 
containing  the  sample. 

The  sinker  used  in  the  density  determinations  was  of 
Jena  16  ^^^  glass,  ballasted  with  mercury,  and  had  approximately 
the  following  dimensions:  length,  30  cm.;  diameter,  15  cm.; 
volume,  50  c.c. ;  mass,  100  g. 

In  making  a  density  determination  the  method  of  procedure 
was  as  follows :  The  water  in  the  outside  bath  was  brought  to 
the  desired  temperature  by  proper  adjustment  of  the  heating  and 
cooling  coils.  After  sufficient  time  had  elapsed  to  allow  the 
apparatus  to  attain  temperature  equilibrium,  observations  were 
begim.  First,  a  weighing  was  made  with  the  sinker  suspended 
in  the  liquid,  then  the  two  thermometers  were  read ;  next,  a  tare 
weighing  was  made  with  the  suspension  wire  still  passing  through 
the  surface  of  the  liquid,  but  with  the  sinker  detached  and  resting 
on  the  bottom  of  the  containing  tube;  then  a  second  weighing 
with  the  sinker  attached,  and  after  that  a  second  reading  of  the 
thermometers. 
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After  completing  the  observations  on  a  sample  at  the  four 
temperatures  io°,  20°,  30°,  and  40°  C,  the  density  at  each  tem- 
perature was  calculated  by  means  of  the  equation 


(W-Wi)  +  iw-W2)^_,         P^ 


"8.4^ 


In  which  D^  =  density  of  sample  at  temp.  t.   (in  gms/ml). 
W  =  weight  of  sinker  in  vacuo. 
w  =  weighing  with  sinker  off. 
Wi  and  W2  =  weighing  with  sinker  on. 
p  =  air  density. 
8.4  =^  assumed  density  of  brass  weights. 
F(  =  volume  of  sinker  at  temp.  t. 

After  calculating  the  density  at  each  temperature,  a  least 
squares  reduction  was  applied  to  the  calculated  results  in  order 
to  find  the  most  probable  value  of  the  density  at  each  temperature. 
It  was  assumed  that  the  equation  Dt  =  D  +  ^  [t  —  'x)  ■]r  ^{t  —  %f 
represents  sufficiently  well  the  rate  of  expansion.  The  very  small 
residuals  obtained  show  that  the  assumption  was  justified. 

A  summary  of  the  results  of  the  investigation  is  here  given. 

SUMMARY    OF     RESULTS 

TABLE  I 

The  Density  and  Thermal  Expansion  of  Linseed  Oil  at  Temperatures 

Between  10°  and  40°  C. 


Sample  No. 


5-- 
16. 

13- 
2.  . 
II. 

3-- 
12. 
6.. 

14- 


7-- 
4-- 
9-- 
15- 
10. 
I. . 


Mean. 


4 


•93  513 

•93  526 

•93  561 

•93  598 

.93  606 

•93  614 

•93  624 

.93  668 

•93  704 

•93  710 

•93  716 

•93  738 

•93  746 

•93  755 

•93  761 

•93  789 


4 


.92  823 
.92  841 
•92  875 
.92  911 
.92  920 
.92  928 
.92  938 
.92  981 

•93  016 

.93  022 

•93  031 

•93  049 

•93  062 

•93  063 

•93  073 

•93  100 


4 


.92  139 
.92  158 
.92  193 
.92  226 
•92  235 
.92  244 
•92  255 
.92  295 
.92  329 
•92  338 
•92  347 
•92  365 
•92  377 
•92  378 
.92  389 
•92  413 


4 


91    460 

91  475 
91  514 
91  543 
91  552 
91  561 

91  573 
91  611 
91  642 
91  657 
91  664 
91  686 
91  691 
91  699 
91  707 
91  727 


4 


.92  480 
.92  499 

•92  534 
.92  568 

•92  578 
.92  586 
•92  596 
.92  638 
.92  672 
.92  680 
.92  688 
.92  706 
.92  720 
.92  720 
.92  730 
•92  756 

92  634 


-6844 
-6836 
-6823 
-6851 
-6848 
-6843 
-6838 
-6857 
-6875 
-6843 
-6840 
-6842 
-6850 
-6852 
-6844 
-6873 

-6847 


|3X  I09 


+  262 
+  50 
+  192 
+  90 
+  58 
+     90 

+  95 
+  110 

+  38 
+  168 
+  78 
+240 
-  88 
4-320 
+  155 
+  78 

4-120 
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<I)  A  =  A5  +  OC(/-25)+/3(/-25)2 

Taking  for  oc  and  /3  the  mean  values  of  the  16  samples  the 
general  equation  becomes  Dt^D2-^ — 0.000  6847(^ — 25) +0.000 
000  i2{t — 25)2.  If  it  is  desired  to  reduce  the  expansion  to  a 
single  term  for  use  over  a  short  temperature  range,  this  may 
be  done  by  differentiating  the  general  equation  and  combining 
oc  and  /?  into  a  single  term,  oc  ^, which  will  be  different  for  differ- 
ent temperatures. 

A  =  A5+CC(;-25)-|-,3(/-25)2 

Substituting  for  t  the  values  10,  15,  20,  25,  30,  35,  and  40, 
gives  for  the  rate  of  change  of  density  at  the  different  tempera- 
tures the  following  values : 

Temper-  Change  per 

atur».  degree  C. 

10  0.000  688  3 

15  .000  687  I 

20  .000  685  9 

25  .000  684  7 

30        .  .000  683  5 

35  -ooo  682  3 

40  .000  681  I 

The  results  obtained  from  the  six  samples  of  gum  turpen- 
tine shown  in  Group  I  were  used  in  the  calculation  of  Table 
IV  for  determining  the  density  of  turpentine  at  various  tem- 
peratures. 

If  the  general  equation  Dt=D2b  +  ^  (^-  25)  +/9(i-  25)-  be  dif- 
ferentiated and  the  mean  values  of  «:  and  /?  substituted  in  the 
first  derivative  the  change  of  density  per  degree  at  different 
temperatures|is  seen  to  be  as  shown  below. 


Dt  =  D,,  +  ocit-2 

5)+/3(^- 

-25)' 

"i'-.^.Hi- 

-25)  =  change  of  density  per  c 

% 

oe.i 

ID 

.000  814  2 

15 

815  I 

20 

816  I 

25 

817  0 

30 

8179 

35 

8189 

40 

8198 

In  calculating  Table  IV  these  values  of  oc  ^  were  taken  as  the 
rate  of  change  of  density  of  turpentine  having  a  density'  of 
0.8640  at  20°  C.  (this  being  the  mean  of  the  six  samples  from 
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which  oc  1  was  derived).     For  turpentine  having  a  density  at 
20°  either  greater  or  less  than  0.8640  oc  ^  was  calculated  from 

o 

mean  D  — ^  and  mean  oc  ^  of  the  three  lightest  samples  and  mean 
4 

rj-    o 

— —  and  mean  oc  1  of  the  three  heaviest  samples. 

TABLE  III 

Density  of  Linseed  Oil  at  any  Temperature  Between  10°  and  40°  C.  from 
ITS  Density  at  20°  C. 


Density  at  20°  C.  (in  grams  per  milliliter). 

0.9260 

0.9270 

0.9280 

0.9290 

0.9300 

0.9310 

0.9320 

Required 
tempera- 

Density at  required  temperature. 

ture. 

"C. 

1 

10 

0.9329 

0.9339 

0.9349  : 

0.9359 

0.9369 

0.9379 

0.9389 

II 

.9322 

•9332 

•9342 

•9352 

.9362 

.9372 

•9382 

12 

•9315 

•9325 

•9335  ! 

•9345 

•9355 

•9365 

•9375 

13 

.9308 

.9318 

•9328 

•9338 

•9348 

•9358 

.9368 

14 

.9301 

•93 1 1 

.9321 

•9331 

•9341 

•9351 

.9361 

15 

•9294  \ 

•9304 

.9314 

.9324 

•9334 

•9344 

•9354 

16 

.9288 

.9298 

.9308 

.9318 

.9328 

.9338 

•9348 

17 

.9281 

.9291 

.9301 

.9311 

.9321 

.9331 

•9341 

18 

•9274 

.9284 

.9294 

•9304 

•9314 

.9324 

•9334 

19 

.9267 

.9277 

.9287 

•9297 

•9307 

•9317 

•9327 

20 

.9260 

.9270 

.9280 

.9290 

.9300 

.9310 

.9320 

21 

•9253 

.9263 

•9273 

•9283 

•9293 

•9303 

•9313 

22 

.9246 

.9256 

.9266 

.9276 

.9286 

.9296 

.9306 

23 

•9239 

.9249 

•9259 

.9269 

•9279 

.9289 

.9299 

24 

.9233 

•9243 

•9253 

.9263 

•9273 

.9283 

•9293 

25 

.9226 

.9236 

.9246 

.9256 

.9266 

.9276 

.9286 

26 

.9219 

.9229 

•9239 

.9249 

•9259 

.9269 

.9279 

27 

.9212 

.9222 

.9232 

.9243 

.9252 

.9262 

.9272 

28 

•9205 

•9215 

.9225 

.9235 

•9245 

•9255 

.9265 

29 

.9198 

.9208 

.9218 

.9228 

.9238 

.9248 

.9258 

30 

.9192 

.9202 

.9212 

.9222 

.9232 

•9242 

.9252 

31 

.9185 

•9195 

.9205 

1  .9215 

.9225 

.9235 

.9245 

32 

.9178 

.9188 

.9198 

.9208 

.9218 

(9228 

•9238 

33 

.9171 

.9181 

.9191 

.9201 

.9211 

.9221 

.9231 

34 

.9164 

.9174 

.9184 

.9194 

.9204 

.9214 

.9224 

35 

.9157 

.9167 

.9177 

1  .9187 

•;9I97 

.9207 

.9217 

36 

.9150 

.9160 

.9170 

.9180 

.9190 

.9200 

.9210 

37 

.9144 

•9154 

.9164 

.9174 

i  .9184 

!   .9194 

.9204 

38 

.9137 

.9147 

.9157 

.9167 

.9177 

.9187 

.9197 

39 

.9130 

.9140 

.9150 

.9160 

.9170 

.9180 

.9190 

40 

.9123 

•9133 

.9143 

•9153 

j  ^9163 

.9173 

.9183 
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